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FOREWORD, 


The book “Numerical Examples in Physics” by 
.MessrS^A, C. Roy B. Sc, and B. P. Srivastava M A,, 
B. Sc. showd meet a long felt want of every teacher 
•of Physics in the Intermediate classes. In this the 
authors have attempted to fram# a number of ins- 
tructive numerical examples, numbering altogether 
723, which they, have properly graced for use of a 
teacher teaching f||ysics. Though there are a large 
number of good Text Books on Physics, which con- 
tain some very instructive problems there has been 
great lack of any book that gives them in a collected 
form. The mtm&er of questions is so large and the 
problems are so varied in their nature that even a 
teacher, who prefers to set his own problems," will 
find this book a use^l equipment for ready reference. 
The hook ought |o be very useful for students too* 
There js nothing like testing ones knowledge of a 
subject than by* tackling independently numerical 
problems on it, * 

The present book attempts to supplement the work 
of the teacher by adding very lucidly text explanations 
of the subject matter at the beginning of each chapter, 
by arousing the curiosity of the student with explana- 
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• tory or informative table’s, .an4 by the addition of 
copious solved problems scattered throughout the 
book. The number of solved examptes in the^first part 
of the book ^84 and of unsolved 179. In the second 
part of the book dealing with Sound, Electricity and 
Magnetism the authors have added a considerably 
larger number of questions, taken frotp?^\ r arious 
Indian and Foreign Universities and framed by them- 
selves. The number cf solved questions is 84 and of 
unsolved 376. The first part has been divided into 
12 chapters with an appendix and the second part 
into 7 chapters with an appendix dealing with the use 
of log tables? - . 

The problems set in this bxtk closely follow the 
syllabus prescribed by the Boards of High School and 
Intermediate Education U. P. and Ajemere, C. I. and 
Rajputa*na as well ’as by the Nagpur, Benares and 
Aligarh Universities for the Intermediate ' classes. 
In^these days of large classes much of the time of the 
teacher will be sawed if he asked every student ol 
his to have this book with him, and then instead of 
having to dictate questions every _day to his pupils 

he would only assign the problems 'that he wants them, 
to tackle. 

■ _ Messrs. Roy •and Srivastava have thus done a 
real service both to the teachers of Intermediate 
classes and the student community by bringing out in 



this collected form ^ their ’ Numerical Examples in. 
Physics* Their long experience of Intermediate 
classes entitles their book to be safely put into 
the hands of the students and to fullest-* cosideration 
by the members of the teaching profession* 

Ewin^S^ristian College, R. K. Sharma, M. Sc., 
Anbihabad. Head of the Physics 

IVK August , 1935 ■ ,-v Department. 


PREFACE. * 

Of all the treatises on problems in Physics that 
exist in the market, there is hardly any that can claim 
to cover the just requirements for which it is 
intended. The students do not profit much from these 
books when working independently and die tochers 
too are at a loss to find from anv single voaime the 
types of question^ which they want to set for their 
classes* ' * 

In view of th^ above-mentioned difficulties, which 
confront both the teacher and the tajffht, the authors 
of this book, \ffao have been in charge of large groups 
of students for a number of years, are placing 
the results of their experience in the form of a book 
of ^problems in Physics This small book has been 
written ta meet the requirements of the Jntermediate 
students of these and neighbouring provinces and 
contains in each chapter a number of solved examples 
of various kinds followed by a iftimber of exercises. 
These are properly graded in the ord^r of increasing; 
difficulty. 

At the beginning each chapter a brief, but lucid, 
I text has been incorporated as an aid to the solution of 
I the problems in the chapter. The matter has been so 
I arranged that the student can, by going through the 
wobked out examples, successfully tackle all those that 
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follow. It is hoped that a student who goes through 
al 1 the problems will have a good understanding of the- 
subject. *At the end the book contains a number or 
mathematical and conversion tables as appendices,, 
which ought to prove very useful in solving 
probJ^js. Many of the solved problems have been, 
particularly illustrated with suitable diagrams, and it is 
expected these will serve as models for the student to 
form the admirable habit of drawing diagrams to 
every problem before attempting to solve it. The 
authors shall consider their labours aftnply rewarded if 


the students fori whom the book is intended find it 

• v , r 

useful. 


The book has been divided into two parts, the first 
dealing with Mechanics, Heat and Light and contain- 
ing 263 problems of various jkinds framed by the 
author^ 


The second part deals with Magnetism, Electricity 


Sound. This fa much bigger in size, the total 


number of questions being 460 being originally framed by 
authors *or taken from a number of Indian and r Foreign 
Universities. ThS teacher has thus a much greater 
choice of types. All the questions are on the course 
prescribed for Intermediate Classes in the United 
Provinces, Rajputana and Central India, Central 
Provinces and other neighbouring Universities. It js r 
therefore, hoped that in all Colleges of the above 
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mentioned places the book will b^ of use both to the 
students and the teachers.' . . 

The authors will be greatly obliged for anty sugges- 
tions for improvements or corrections where mistakes 
have crept in the book. They express their indebtedness 
to Dr. D. S. Kothari 3 VI, Sc., Ph. D. (Cantab.) f§r his 
opinion and to Professors R. K. Sharma RJ^toc", (Head 
of the Physics Department, E C. College) and P K. Sur, 
M. Sc , Lecturer in Physics, E C. College, for 
the kind help they have rendered in seeing the 
book through the press and in making many valuable 
■ 'Suggestions. # y Vr ■' 

Physics Department, 1 A. C. R ^ 

Ewing Christian College, I ✓B. P. sJ 

. # * Allahabad. j e r tc : 

August, 1935*. J ’ 
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i presence of the north pole is supposed to 
produce no disturbance jp the field. 


CHAPTER I. *• . 

* MAGNETISM. 

Unit pole:-- It is that pole which, placed in*air, 
one centimetre from an equal pole repels or attracts it 
with a force of one dyne. It has no specific name 
bdt it is referred to as C. Gr. S. unit pole. 

Laws of attraction or repulsion ; — The force 
between two magnetic poles is direct!* proportional to 
the product of # the pole strengths and‘"is inversely pro- 
portional to the square of the distance apart. 

Expressed symbolically, 

** . force (F)-|^ (dynA) 

where and m 2 are the pole strengths, and </*i s the 
■distance apart and p is the permeability of the 
mednjm. (In the case of air the permeability is unity.) 

Magnetic field : 5-The space Surrounding ' a 
magnet it? which magnetic properties can be detected 
is called the magnetic field. The 'intensity of the 
field at any point is measured by the force in dynes 

experienced by a unit north pole*' placed at that 
point. • * 
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NUMERICAL EXAMPLES IN PHYSICS. 

^ : : ; 5:1 

If the intensity of the "field is the same every- 
where, the field is said to be uniform, {e.g. the 
earth's ^eld at atly place is uniform). 

Unit magnetic Held : — It is tha^; field which 
exerts a force of one dyne on a unit north pole placed 
in ft. The name of Gauss has been given to this 

field. > 

If a magnet of pole strength m is placed in a field 
of H Gausses, then the force -exerted on the magnet 
will be «H dynes. 

Magnetic Mpment It is the' moment of the 
couple required to hold the magnet a Wright angles to- 
the direction of a field of unit intensity. Ir w- 
numerically equal to the product of pole strength mid 
•the distance ^between the poics. 

Ujiit -.—dynes X cm. 

Field due to a bar magnet 

(a) at a PS int on the axis of a magnet pro 

dimed is given Joy the formula.- 

' F — TfiZJSfi (End-on position-. ‘ 

(i>) at a point on the line bisecting the magnetic 
axis at right angles is given by the formula. 

3 (Broad-side on position) 

represents, pole strength of the magnet. 


where m 
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I— half the length of the magnet .and d — the distance 
of the point from, the centte of the magnet. 

If M represents the magnetic * momenf of the 
magnet then th*e two formulae become 


if l is negligible as compared 


= ~gl ^ l is neglected. 

a magnet in two magnetic fields at 
The ‘A” and ‘'B” Tangent Positions 


"•(Action of 
right angles, 
of G|iuss.) 


* (where H is the earth’s hori- 
s|ll ZOntai field).' 
See Willow’s text- book of physics pp. 325 — 328. 

.Period of a Vibrating magnet If a freely sus- 
ided magnet vibrates in a horizonal plane with a 



numerical examples in physics 

amplitude in' a uniform magnetic field, the time 
,f one oscillation is given by the formula 

* / K 

T==2ir Vmh 

where K — moment of inertia of the magnet 
M — magnetic moment 
H — horizontal intensity of the field. 

fa e , Moment of inerti^ :—If the mass of every 

cle of a body be multiplied by the square of 
distance f*>m the axis ot rotation the sum of 
^„rtc i'« the moment of inertia of the body 


rectangular bar magnet of mass in 
i b yibrating about a central a 
■ to the axis of the magnet, we have 


• M$GNETI$M . . 5 

Solved Examples. 

i. Find out the nature and rS&gnitude* of tlbe 
force between* two similar poles of strength 30 and 
60 units situated at a distance of 5 cm. from one 
another. _ - * 

Since the poles are similar the force fe a repel- 
ling one. 

F = ■ 

3 0 x 60 ^ 

“Vs . : : * 

= 72 dynes. 

-"*2., Two poles, one of which eight times as 
strong as the other,, exert on each o’ther a force 

■ ■ ■ * : fr, 

equal to the weight of 500 mi ligraras when ^placed 
10 cm. apart. Find the strength cf each. (Inter 

Board U. P. 1933), *» 

If ^represents the strength of the weaker pole, 
Sm will be the strength of the stronger one. 

Force between the two poles is given by 
m x Sm Sm 2 

'Tv-F,: shS'Tt — : — r r- - — T ■*-—» — . .# 

d z * i o 2 

'(The force here is represented in dynes and the 
distance in cm,) , 
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Now i gram weight = 9% l <^y nes 


500* milligram 


Whence m 


Thus the required pole strengths are 78*3 and 
•626*4 C. G. S. units respectively. „ 

3. A ngagnet 15 cm. in length lies yi . a horizon- 
tal uniform magnetic field of intensity 0*36 unit and 
the strength of each of its poles is 10. Find the 
moment of the couple required 10 deflect it through 
,an angle of 3cf° from the magnetic meridian. 

; A'. : : v AC: '• v :A : \ 1 A,''. ^C^A : A;AA; A, 

The force acting on each pole is m H dynes 
= iox 0*36 = 3*6 dynes, 

# Perpendicular aistance between the forces a r cting 
on the two poles* is / sin 9 where / is the length of the 
magnet and 9 is the deflection. 

/sin 0 = 1 5 X sin 30. 

=-15 x ’5 = 7*5 cms. 

Hence the required moment qf the couple 

~ m H / sin 9 •’ 

~ 10 xo* 36 x 7*5 
= 27 dynes x <fm or C. G 


* MAGNETISM 7 

I • i ;'y:» ; 

v-'v- ^ ^ 

* 4. A bar magnet is suspended horizontally by 
a wire. On turning the upper end of the wire half 
round the magnet is deflected 30° from the nferidiam 
How much the upper end of the wire must be 
twisted to deflect the magnet 90 0 ? 

When the magnet is deflected through an ang& 8 
it is in equilibrium unier the action of two opposing 
couples. 

(1) a restoring couple due to the earth’s field 

whose moment is M H Sin 8; 

(2) a deflecting couple due to the torsion in the 

wi^s whose moment is within certain limits 
proportional to the angle of torsion. 

Angle of torsion oc MH sin 30°. 

^ Here the actual twist in the wite = 180 0 — 3d 0 = 

m ■ ■ 

3 50° singe the magnet is deflected in th$ same direc- 
t ion* as the upper end through 30°. 

150° oc M H sin 30°. .. .. .. (r) 

Let f3 be the require d angle "'when the magnet is 
deflected through 90° . " 

Then f 3 - 90 0 oc M H sin 90° .. I . (2) 

Dividing (2J by (1) we get. 

B—90 M H si n 90 

150 M H sin 30 

sin 90 0 1 

r .y. *2 

» “sin 30° £ 

:» whence (3 = 390° ^ 

• m 
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The upper ®nd *of the wire should be twisted 
through 390 °, 

5. A bar magnet 30 cm. long is placed in the 
magnetic meridian, and it is found that a small com- 
pass needle, placed on the axis of the magnet pro- 
duced, at a distance of 3° cm. from one pole, will 
point in arty direction. If the strength of the earth’s 
horizontal field is 0-36 C. G. S. unit ; what is the pole 
strength of the magnet? [Inter. Board. 1 9341 

There are two forces acting on th$ compass needle 
— one due to the^arth’s field and the other due to the 
magnet. Sihce at the point in questioif the compass 
needle takes any direction it indicates that there is no 
force acting on it. The two forces then must be 
balancing each ether at this point. (This point is 
known as the neutral point) . 

Now the field at any point on the axis of a magnet 
produced is given by^the formula. s 

*' * 4 rmdl . 


Substituting the given values. 


This force must be equal to H i.e. 0*36. C. 


S. units. 
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Whence m*= 432 C. G. S. units. 

6 . A bar magnet whose poles are 10 cm. apart 
is placed in the meridian with its north seeking po?e to- 
the north. A neutral point is found 10 cm. due 
east of the centre of the magnet. Calculate the 
moment of the magnet, given that H = 0*35 C. G* S. 
units. (Inter. Board 1925) 

The field at a point on the l?fte bisecting the 
magnetic axis#at right angles is given by the formula. 


{d s +l*) I 

Substituting the given values we get 


(ro 2 +$“)*i 15 V 5 ) 

Since the point in question if a neutral point, the 
field due to the magnet is equal to the earth’s hori- 
zontal component H. 


Hence F = = H - o 35 

Whence .M = 489*13 C. G. S. units." 

JJ. A compass needle is placed 30 cms. to the east 
a small magnet. The needle is deflected through 
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jggy. Calculate the*moment of the magnet approxi- 
mately and the pole strength if the length of the 
magnet m 6 cm. 

The value of H may be taken as 0*3^2 Gauss. 

(Inter, Board 1932) . 

Prom the nature of the question it is evident that 
the magnet is kept in Tangent A position and hence the 
field due to the magnet at the point wheie the compass 
needle is kept is given by 

F — - ( l has been neglected here since 

d % 

the approximate value of M is required ) r 


H tan 9 . (See Willow's Text bqak 


. A/ • = 0^352 tan 4S U 

. ♦ = o* 35 2 (since tan 45° = 1) 

Whence M = 47 5 2 C. G. S units, 

jp j Jhnd m =792 C. G. S. units. 

'-ffS'. A magnetic npedle makes one complete oscillation 
in 4 »ecs. in Allahabad where the value of H is 0-35. 
What will be the value of H at a place where the same 
needle makes one oscillation in 3 secs ? 

r, (Inter Board 1927) 


, ■ . 


MAGNETISM 

■■ ■■%.. ■ §> . 


We know that T a = 
K 


• * / K 

2 V / . 

. V MH, 


or Ti-= 4 ^^ 


Similarly T a 2 
Dividing 


MHj •’ 

41f2 mhI *• 

(i) by 12) we get 

TV _ % 

Tj. 2 “ H i - '• 


11 

(1) 

(2) 

(3) 


Substituting.the given values in the formula (3) we 


get. 



• 4 2 



3 2 

•35 


16 

or — 

h 2 

■35 


M * 

= ’35 X 


16 

~ 9 ~ 


062 



* The required field is o‘fc Gauss. 

9. Two magnets are held rigfflly one ab< 
other with their axes parallel to each other and similar 
poles together but without contact. They are sus- 
pended and allowed to oscillate in the earth’s horizon- 
tal field making 30 vibrations per minute. When one- 
of the magnets is' reversed it is found that it makes 
6 vibrations per minute If the magnetic moment of 

the stronger magnet is 208, §nd that of the other. 

*0'' • % . 
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Let M a and M 2 n be "the moments of the magnets 

and let t x and h be the times of vibrations in the two 

* , -*■ 
cases/ * 

The moment of inertia of the whole system will 
remain the same in both the cases and we shall have 


(Ma + Mjf) H 


(Where M!>M ; 


2 v (Mj. - M 2 ) H 

Dividing (t) I^y (2) we get 
h /M a - M, 


(by squaring) 


By applying componendo ancl dividendorwe get 


30 yibrations p§r min, = i vibration in 2 seconds, 
and 6 vibrations per min, = i vibration in 10 seconds. 

Substituting these values in the above equation* — ^3> 
*we get. 

M x io 2 + r 2 2 




___ i J _ JA. 

“100-4 ” 96 ”12 
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The required moment of the magnet is 192 C. G. 
S. units. . # 

10. A compass needle makes 30 oscillations per 
minute at a place where the dip is 45 0 and 40 oscilla- 
tions per min. where the dip is $0 . Find the ratio 
of the earth’s total intensities at the two places 

If I denotes* the earth’s total ii^ensity and H the 
horizontal component and 6 the angle of dip, then 


(See Willow’s® Physics pp. 337) 


Similarly at the second place. 


The horizontal component of the intensity at any 
ce controls the vibration of the needle at that place 
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,ii. A uniformly magnetised magnetic needle has- 
its period of vibrStion equal to 6 secs. The needle is 
then brokendnto exact halves. What h the period 
of vibration of each half ? 


We know that 4=2^ 


approx, (sincethe 


radius of the needle i$ negligible) 


: 

Kz w 2. 4 “ 

» 

We also know that M* ~ml x and (where 

h and / 2 are the lengths of the- 
magnets). 


MAbNjfe^ISM 


* 5 - 


M, 

Mi 


' /i 


' Hence 


: £ i ■' 


/M,K’ a _ v'wi A* */* = 


. = .Vi * 

4. ^ M a K, V :c> 2 4 2 x 4 'V / k' 2 4 

Now It/i = 2W 2 and 4 = 2 4 

6 v 20>2 X 2/g __ 2 

*2 V a' 2 x 4 1 

4 = 3 secs. 

12. A small suspended magnet makes io oscilla- 
tions per minute under the influence of the earth’s 
'field alone A bar magnet is brought near it so as 
not to disturb the direction of the pointing of the 

suspended magnet, but so that the latter now makes 
14 oscillations per minute. What would be the fre- 
quency if the bar magnet were now,, reversed pole 

,,: V '■ * 

for pole? •; .rp^PPPpuppP* , 

* (London Univ. Inter. B. Sc. 1900). 

/"k" ■■■ ' V p ; * 

’We know that T = 2* f 

P ; . ■ ■ ; % . . 

Substituting the given values we have „ 

60 /~K ' (l) 

, . -*■ s 2 IT J —fj * 'V 

10 ** MH 

Let F be the field due to the magnet. 

Since the position |of the compass needle is not 
‘changed by bunging the bar magnet near it, it is 



16 NUMERICAL EXAMPLES IN PHYSICS 

e "■ ' '.V-.; ' ,■ : -j ' L'; /,■; .■ o ^ : ':A U 

•clear that the field due to the magnet is parallel to 
that of the earth. The compass needle is thus oscillat- 
ing in the second case under the joint influence of the 
two fields i.e. F-fH. 

So we have ' 


M (F+H) 


From ( i ) and (2) we get 
: F+H 14 2 
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We shall have T a = 2ir./ 

V M(H-F) 

From the equations (r) and (5; we get 


equation 


t e. the time taken for one oscillation is 30 secs, 

H^nce the compass needle makes 2 vibrations 
per minute, , : 

, # ' * ■; ^ - 

1 Sf A. small compass needle makes 13 oscillations 

per min, under the influence of the earth's field. If a 
long bar magnet be placed vertically with its north 
pole on the same level with the needle and 30 cm. due 
south of it, the needle is found to make 20 oscillations 
per minute. Calculate the pole strength' of the magnet, 
given H = o‘36 C. G. % S. unit. 

In the first case when the needle is vibrating -in 
the earth’s horizontal field we have 
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In ihe second '•case when the needle is vibrating- 
under the combined effect of the earth’s field (H) and 
the magfhet (F), we get , 


20 V M (H +F) 

(The influence of the upper pole is neglected 
From (i) and (2) we get 
20 2 H + P" 


goo X ‘28 
252 C. G. S units 
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14. A bar magnet whose momfent is gS 6 o C. G S, 
units is turned in a horizontal • plane through 60 0 from 
the meridian. Find the work done and thfe couple 
required to maintain it in that position, 

[H = o' 2 dyne per unit pole] fU. L. Inter, xgto] 

■% ■ 

In fig. 1 let a magnet NS be deflected from 

the magnetic meridian 
through an angle 6 by a 
couple. 

The^ N. pole of .the 
magnet moves along the- 
arc AN but its displace- 
ment alongthe direction 
of the field is only AB. 
Hence work done on the 
north polef= force X dis- 
placement = mil X AB. 

• Fig, 1. 

■% & * ■ .ifc 

Similarly an equ'ai amount of work is done ’on 
the south pole. Hence if 2/ represents the length of 
the magnet, the total work done on the magnet by the 
couple. 

= 2 mH x AB 

2 mH (OA — OB) 

= 2 'mH (1—lcosQ) 

(Since OB = / cosQJ 


TttH 


20 
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= 2mlU{i-T-cosd) 

= MH (i-cos 0 ) ergs (i). 

Where M is the moment of the magnet. 
Substituting the given values in (i) we get, 
worh done ” 9860 X o 2 (i cos 60) 

9860 X 0’2 (1 — 4 ) ergs. 

= 9860 X o' 2 x o'5 

= 986 ergs. 

And the mopent of the couple required 
maintain the magnet in that position 
= MHsinf? 

= 9860 x o"2 X sin. 6o° . 

= g86 # x. Vi” dyne-cm. ^ 
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34 . ' A bar magnet is suspended by a wire (with- 
out twist) in the magnetic meridian. In order to 
•deflect the magnet 90° from the magnetic meridian 
the upper end. of the w-re has to be turned through 
230° . Through what angle the upper end of the wire 
must be turned to deflect the magnet 30° from the 
meridian ? [Ans. 100 ]. 

35. The moment of a magnet is 1000. How much 
work is done in turning it through 90° from the 
meridian at a place where H —o’ 16 ? [Inter. B. Sc.] 

[Ans. ..160 ergs.]. 

A rmgnet of magnetic moment xqo is placed 


36. 


perpendicular to an independent magnetic field of 
strength o '5 dyne per unit pole. What couple is 

required to keep the magnet in this, position ? What 

work would be done by the magnet if it were allowed 
to turn until its axis became parallel to the direction 
of the independent field ? [U, L. Inter. 19 1 3-1 

[Ans. 5a dyne-cm ; 5 ° er f> s l- 
37. A bar magnet of magnetic length 10 cm. 
gives a null point 20 cm. from its centre when placed 
horizontally in the magnetic meridian with its norJb 
pole pointing south. If H = o' 18 gauss, fm® the 
moment of the magnet. Where is the null point i| the 
magnet is turned, through 180 0 in a horizontal plane ? 

* (U. L. Inter 1930-) 
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• * 

removed, remagnetised dnd restored and the top of 
the wire has now to be turned through 250' to 
deflect the bar as much as before. Compare the 
magnetic moments of the bar before and after 
remagnetisation. (B of E. iS 9 4-> ^ . r4 j { 

42. A bar magnet is suspended by a wire so as 
to hang horizontally. By how much must the top 
end of "the wire be twisted for the magnet to be 
deflected 90° from the meridian, when for^ a deflec- 
tion of 30° it has to be twisted through 120' ? 

(B of E. 1900). ' ' [Ans. 2703. ^ 

4*. The * horizontal component of the earths 
magnetic field at London and Allahabad are respecti- 
vely 018 and 0*36. If a needle which makes S o J 
oscillations per minute at London- k brought to 
Allahabad what will be its rate of oscillation ? ^ ; 

fAns. 50V 2 oscillations per min.J 

44 The earth's total intensity at Allahabad is o’4$ 
and ‘the angle of dip i* 3 6°. At ^few York the two 
values are given to be o'6i and 72° ’respectively. If 
a magnet vibrating horizontally at^New York makes- 
4 o oscillations per minute, how many oscillations would ^ 

it make in the same time at Allahabad ? • 

cos 36° = *809 ; cos 72 = 3°9* 
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• 45. A bar magnet lies on the floor and a magnetic 

needle is suspended horizontally above it (at a consider- 
able height). The needle makes 24 vibrations per 
minute when the north pole of the bar magnet points 
northwards ; and when it points south words the 

r- 

needle makes 42 vibrations per min. Find the num- 
ber of vibrations per minute if the needle were 
allowed to vibrate only in the earth’s held. 


(where C is constant for the 
same magnet) 

(since number of oscillations 


In the first case the field is H — F 
and in the second it is H +F. 

• # . r 

Hence H— F = C»i 2 ... .. .. (t] 

H|-F^= C«* 2 .. .. .. (2) 

From (1) and (2) we get ' & 

H = "C («a 2 +% 2 )/2 = C x 4 i 7 o (Subs 
touting the values of n x and n 2 ). 

But H = C* 2 It follows that n — >J\ 17s 

= 34 ‘ 2 t. 
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• 46, A bar magnet which can mdve only in a hori- 
zontal plane is caused to vibrate at three different 
stations A, B and C. At A it makes 20 vibrations in 
1 min. 30 secs ;'at B, 25 vibrations in x min. 40 secs.; 
at C, 20 vibrations in 2 mins. Find three numbers 
proportional to the forces which act upon the magilet 
at the three places. ( B. E.) 

[Ans. 64 ; 81 ; 36]. 

47. A horizontally suspended magnetic needle 
makes 13 vibrations per minute when 1I0 magnets are 
near. When a* bar magnet is placed nor,th of the 
needle with its axis in the magnetic meridian and its 
north pole towards the needle the latter makes 7 

, vibrations per minute. How many vibrations will it y 
make when the bar is similarly placed at the same dis- 
tance ,south of the needle its north pole being '’again 
directed towards the needle. (B. E. 1899'. 

* # 

> . . , lAns. 17I* • 

48. A magnetic needle makes a cotnplete'vibra- 
tion in a horizontal plane in 2'S seconds under the 
influence of the earth’s magnetism only, and when 
the pole of a long bar-magnet is placed in the magnetic ' 
meridian in which the" needle lies, and 2 0 cm. from 

its centre, a complete vibration is made in 1 '5 seconds, 
suming H = 0‘i8 (C. G. S\ and neglecting the 


SmS ■ ( ’ - ■ ■ 
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torsion of the fibrd by 'which ‘the needle is suspended , 
determine the strength of the pole of the bar magnet. 

[Inter. Sc. Hons. 1S86]. [Ans. 128] . 

49. A uniformly magnetised magnet makes one- 
complete oscillation in 9 secs. The needle is then 
broken into exact halves. Find out the period of 
vibration of each half, 

[Ans 4'5 secs,] 

50. On a table where the earth’s magnetism is 
counteracted the north pole of a, compass needle 
makes 20 oscillations in a minute under the attraction 
of a south fsole 4 inches distant ; how many oscillations 
will it make when the south pole is 3 inches distant ?■ 

(Allahabad University) [Ans. 26*67]., 

51. Two* magnets of moments 3 and 4 units re- 
pectiv»Iy are suspended with their centres in the- 
same vertical line and ( a ) their axes in the same 
vertical plane with lijce poles together (£) their-axes 
in -the vertical jjlane with unlfke poles together (c) 
their g.xes at right angles. Compare the times of 
swing of the system in the three cases. 


■ (U. L. Inter. 1929) 


flints — In the above question'the moment of iner- 
tia and the magnetic moment of the system are- 
obtained by simple addition with regard to the; 

, 1 dn i 


; 4 ' 


•VIBRATE OF MAGNETS , >3 S : 

, » 

moments of inertia and by vector addition* with re- 
gard to the magnetic moments. Hen$e the moment of 
inertia of the system = K X -+■ K 2 and the moment of the- 

equivalent magnet = 


Hence, T = 2 7r = 

V Vm i *+M ijrt ■ 

52. A solid cylinderical bar magnet of steel 
jo cm. long and 1 cm. diameter, vibrates once in 
10 secs, in the earth’s horizontal field. If the density 
of steel is 8 grammes per c. cm. and H=o‘i8 C. G. S.. 
unit, calculate <he value of the magnetic iribment of 
the magnet. (Inter. B. Sc.) 

]Ans. 1157]. 

53 . Two magnets of the same steel, . dimensions 

10 x 3 X o' 5 s and 20x4x07 respectively were found*, 
when pivoted horizontally in the earth’s field so as to 
oscillate about their shortest axes to swing at the 
same rate. Compare the magnetic*'moments and the 
intensities of magnetisation of the two. ’ (B- Sc.) S 

' f Ans {I) > 1 : 14 2 1 

- l ' (2) 1:3-82 l 

* The vector addition is the resultant obtained by ' 
the law of parallelogram of forces. * 


» $ 




v ,w i 
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'CHAPTER II 

ELECTROSTATICS . 

0 

Laws of Attraction and Repulison 
The force of attraction between two oppositely 
•electrified bodies or the force of repulsion between 
two similarly electrified bodies is found to depend on 
three things: — 

(1) degree of electrification of each of the bodies, 

(2) their distance apart, 

and (3) the nafure of the intervening medium. 

To represent it mathematically, if Q«and Q' denote 
the charges (strictly point charges) , d— the distance 
apart and F — the force between them, then 


where K is a number called the Dielectric 
constant of the medium whose value depends upon 
the nature of the surrounding medium and which, for 
air, is taken as unity. 

GjG. S. Electrostatic Units: — 

Unit Charge. — The Electrostatic unit of electrici- 
ty is that quantity which if placed 1 cm in air from 
an 'equal and like quantity repels it with a force of 
1 dyne. The charges are supposed to be point charges 
and the medium between them being air. 
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• Note The practical’ unit is* the* Coulomb and it is 
equal to 3 x io 9 electrostatic units. 

Electric Field ^-The space surrounding a charged 
body in which electrical properties can be detected is 
called an electric field, , 

Strength of the electric field, or Electric In- 
tensity or the Electric force at a point: — It is measu- 
red by the force in. dynes experienced by a unit 
positive charge placed at that point. 

In terms of lines of force the strength of the field 
at a point is given to be 4^ times the density of lines 
of force at that point i.e. F = 4 ttN where N represents 
the density of the lines of force. 

^Difference of Potential : — Difference of potential 
between t,wo points is Ineasurad by the work done in 
ergs' on or by a unit positive charge in moving it from 
one point to the other. If the work done is 1 etg the 
difference of potential^ is said to tfe unit. > , 

Potential at any point It is measured , by the 
work done on or by a positive uni£ charge when it 
is brought from an iilfinite distance to that point. , 

« Note : — The practical unit is the V pit and it is 
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Capacity If* a conductor be charged wkh 
Q quantity of electricity and if V be the potential to 
which it is raised* then the ratio of Q to V is called its 

Quantity QY 

•Capacity i.e. Capacity = Potential V'~~ V ' 

* In this equation if V is taken to be unity, then 
C— Q and hence the capacity of a conductor can also 
be defined as the quantity of charge required to raise 
the potential of the conductor by unity 

Unit Capacity A conductor is^said to have unit 
capacity wben*unit charge raises its potential from 
:zero to unity. • • :: ' * 

Note . — The practical unit of capacity is Farad. A 
•conductor has a capacity of one Farad if a charge of 
one Coulomb. raises its potential by one Volt. 

FARAD - 9x10" e. ii units.. 


e. m. units 


• ( For 1 e. m. unit of capacity = 9 X I0 S ° e. s. units.) 

The capacity of a conductor in a medium of Speci- 
fic Inductive capacity * K is equal to K times the 
capacity of the conductor in air. * 

^Specific inductive capacity or dielectric constant 
of a medium is the ratio of the capacity of a conductor 
•with the -given medium as the dielectric to its capacity 
with air as dielectric. 
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• - Capacity of a sphere * — It is numerically equal to 
the radius of the sphere ( i.e % C = R) 

Capacity of a spherical condenser, 
r R* R e 

■=' K -5 e* &•. units, ■■■ 


where K is dielectric constant, 

R x — radius of inner sphere, 
R 2 — radius of outer sphere. 
Capacity of parallel plate condense/ 


s* units 


where K is the dielectric constant, 

S — the area of the plate, 
and d— distance between the plates. 

In case of air as dielectric K is takenrto be ynity. 
See Willow’s Text book of Physics pp. 438 and 439. 
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Solved Examples. 

Two bodies charged with 21 and 44 units 
:ed in a medium of dielectric constant 2-31 at 
nee of 4 cm. Find fhe force between the 


We know that F 


2'3i 4 x 4 

= 25 dynes. 

2. Two Conductors of capacities xo and 
respectively are connected by a fine wi#e and a chat 
of 1000 units is divided between them. Find t 
potential of figMjrfonductor and the charge of each 
. (C. U. 1920)^ 


We know that C 


* charge 

„ ~ Total capacity 

xooo . . . , 

_ ? — (since the co 

15+10 v 

doctors are connected together, their total capacii 
= 15 + 10=25) 

Hence V =40. 


4 * 



» electrostatics 

. .:. The charge on “the ’first conductor = to X 40 
= 400 units. 

Similarly the charge on the second ccmductor 
* = 15 x 40 = 600 units. 

3, What charge is required to elec.rify a sphere 
of 20 cm radius until the surface density ef electa- 

fication is — ? 

The surface density is the quantity of electricity 
per one square ’em. of surface. if .S be the area 
of the surface and rtf— -the surface density, then 

Q = S x d. ■ ' i Wk 

The area of the surface of a sphere of radius R is 
^ 4ttR 2 . 

y. S = 4^ (20) 2 . - „ 

Hence Q = 4 ir (=0) 2 x ~ 

; c; '"f : ’A.' ....V ''■'CV.'.-'-Cs-CVic-' r A. ; y "-.c... i'c ; ' : 

= 4800 units. 

4 A small brass sphere is charged with 50- 
units of positive electricity and is made to touch - 
another sphere of same radius having a charge of 10 ^ 
units of negative electricity. Find the force between. 

the two spheres when they are separated by arfA$*- 
tance of 20 eras. 
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* What will be tf the /orce, 'with the above conditions, 
between the spheres if they ar.e immersed in oil of 
specific inductive capacity of 3 ? 

{Inter. Board, U. P. 1932.) 

Total charge on both the spheres after they have 
touched one. another = 50-- 10 — 4° positive units. 

Since the spheres are of equal radii and their 
potentials are the same, the charges will distribute 
equally when they are separated. Hence the charge on 
each sphere after separation is eqnal to (40/2) or 20 
positive units. 

Hence the required force between them is given 


.In the second case 



5 . "From a point two small ^spheres each 'of 
mass m gms. are suspended by threads Both are 
equally charged. If the length of. each thread be 
a cm. long and, the distance between the two spheres 
be b cm; find out the charge on each in (i) electros- 
tatic uuits (2) eletromagnetic units (3) coulombs. ^ 

The following three forces act on the sphere at 
A (Fig 3) " . V 

c (1) . The weight, mg 

A dynes acting downwards, 

(2). The repulsion 

I \ dynes acting -in the dir- 

^ / ' \ ection of BA. 

^ ^ \i8 {3). The tension of 

& 4 *“ the thread acting in the 

" direction ofi AC. , 


TJie triangle CDA has its sides parallel to these 
forces. ' . • 

The forces are proportional to the sides, of the 
triangle to which they are pa rallei * 

So we have 
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Hence 


electrostatic units, 


In electromagnetic units the charge is 


in coulombs — o. 

, 6. A spherical conductor of 8 cm. radius is charged 
to a potential of 8o units. It is placed inside an 
uncharged, spherical conductor of 16 cm. radius and is 
allowed to touchits inner surface. To what potential 
will the larger conductor be raised if , the medium 
is air r 

When the smaller sphere touches the larger one, 
all its charge passes to the letter. Let V be the 
potential to whfch the larger sphere is raised due to 
this charge. 

Hence we have 

^ 8x8o=i6xV 

A V = 40 C. G. S. units. 

7. A spherical conductor of 10 cm. radius, charged 
to a potential of 50 units is discharged by contact with 


i ||| 

-w- v , 
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the-inner surface of an othhr spherical conductor of 20 
.cm. radius. It is then taken out and connected by a 
long thin wire with the larg er conductor. Find the 
ccmmon potential and the charge cn each. 

The potential of the bigger sphere after the 
.smaller one has touched it is given by 

20 x V=io x 50. (See previous example). 

.-.V=25 C. G. S. units, 

Let V' be the common potential of the conductors 
when they are connected by a thin wire. 

Then the cha’rge on the inner sphere =10 xV' 
(y Q = C.V.) #nd C (capacity) in the case of a sphere 
is equal to its radius. Similarly the charge on the 
larger sphere = 20 xV'. Hence the total charge on both 
• th^spheres = 10 V' + 2 0 V'=V' (10 + 20) . - 

After .the inner sphere has touched the bigger one 
all its charge passes to the bigger one. The Charge 
on the smaller sphere becomes zero and that on the 
larger one =25 x 20 units. Hence we have, 

V , (l0 + 20)=25x'20 + 0 

V'— 16§. 

Hence the charge on the smaller conductor 

/. ' ’ 50 

^ x io - 

500' ■ 'Jy 
units-. y-, 

: 3 .. ■■■ 

= i66§ units. 



■ - 
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and the charge crn the bigger conductor 


• = 333& units. 

8. Within a spherical vessel of copper 2 centimetres' 
thick the external diameter of which is 16 cm a brass 
ball 10 cm. in diameter is hung by a silk thread in 
such a way that the centres of the two spheres 
coincide Jf the ball, is charged with? 40 units of 
positive electricity and if the potential of the vessel 
is 8, find the potential of the ball.? 

The radius of'the ball is 5 cm. and the inner and 
the outer rad*i of the vessel are respectively 6 cm. 
and 8 cm. 


Since the vessel i^ spherical its capacity is numferi 
cally equal to its xadius i.e. G = £. 


Now if Q be the charge on the oqter surface of the 
vessel we shall have Q = Cx V; = 8x8 (since the* 

potential of the vessel is given to be 8) = 64 units. 

’ e =r-. 

The charge on the ball is 40 units of positive 
electricity and this will induce a charge of —40 units* 
on the inner side of the vessel. 



The potential of the ball will be e^ual to the sum 
of the potentials due to its own charge and the charges 
on the inner and outer surfaces of the vessel. ' 

Thus if V represents the potential of the ball 
we have. 


= 8-61 + 8 
’ =9^ e. s. units. • 

9. ABCDSF is a regular hexagon of 2 .cm. side 
having charges +1, -2, —3, +4, +6 at its angular 
points, A, B. C, D and E respectively. Find the 
potential at F. )■.+' 

AF = 2. cm.; A8 = 2’cm. 

a 

* BF = \/'2 :t + 2*+2.2.2Cos6o. 

« . ,.♦>’) = /J 12, 

' , 

f — 2 ,^ 3 . 

fyf \ CF = 4 cm. (from the 

/s' \ property of regular hex- 

1 « V-si' / agon) . ■ ■ . 

, A. S 's : f ’ * ? 

■ ' . ; : i : v Hence if V be the po- 

' . tential at F, we have 
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e. s units 


io. Two condensers have plates of area ioo sq. 
■cms. and 625 sq. cms. respectively ' and the distance 
apart of the plates of the smaller one is 1 millimeter. 
If equal charges are given to the two condensers, find 
the distance apart of the plates of the second condenser 
which will cause equal potential differences in <*he ] 
two condensers. * (Inter. Board U. P. 1934). 

r " , „ KxS 

We know that C = — — y ' 


(a) In the case pf the first condenser. 

, * _ 100 K 

we shall have C = — — 


Similarly in the case of the second condenser we 
shall have 


where d f is the distance bet 



* 


ELECTROSTATICS 4 T 

m ' • . * 

Since equal charges are given t<* both the conden- 
sers and they are raised to the same potential, their ' 
capacities must be the same. * * 

Thus we have 

c = C' ■ ; ■ ; '■ 

IQO K __ 62 5 K ■ ^ + 

4 'it x * 1 ~~ 4 itd f 

whence d f = 6*25 mm, 

11. An air condenser has plates of 6 cm. diameter. 
At what distance should the plates be placed so as to 
have the same oapacity as a sphere^ of diameter of 
100 cm ? [Inter. Board U. P. 1935]. 

We know that the capacity of a sphere is numeri- 
cally equal to its radius and so the capacity of a 
sphere ot diameter of 100 cm. is equal to 50. 

We know that the capacity of parallel plate 
S ? ?;• ” : ' 

condenser, = where K is the dielectric constant, 

S — area of the plate, 

* d % — distance' between the plates. 

In the case of air condenser K = 1 *and so we have 
S 

c r . 

By the question we have 
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Whence d 


12. A conducting sphere is surrounded by an 
earthed concentric sphere. If the radii of the spheres 
are 50 and 50'$ cm, calculate the capacity of the inner 
sphere. 

The two spheres from a spherical air condenser 
since the outer one is earthed. 

The capacity of the inner sphere is given by 


= 5050 e. s, units. ; 

13. An uncharged condenser containing a solid 
dielectric is connected to an equal and similar air 
condenser which is charged to a potential 1 00. If 
the common -potential after sharing the charge is 25, 
calculate the specific inductive capacity of the solid 
dielectric. 

Let C be the capacity of the air condenser, then 
its original charge’ must have been Q = VC = 100X C. 

Let C' be the capacity of the uncharged condenser, 
then the joint capacity of the two condensers after 
connection = C +C*: hence the total charge = (C-fC') 25.. | 


i ELECTROSTATICS 5* 

% t "' #v ' * 

IV 1, --a. =\ ■■■', vt 

• Since no electricity is* lost m sharing the charge 
this quantity of electricity must be equal to the 
original charge. * 

Hence we have 
100 x C = (C+C')25. . . . (i) ^ 

But C' = CK if K be the S.I.C. of the solid dielectric. 

The equation (1) then becomes. 

100 xC= (C+CK) 25 

AK = 3 . S3 

14, A spherical conductor A charged to a potential 
of 400 units shares some of its charge to another 
spherical conductor Bof 10 cm. radius. The potential of 
A is then found to be 200 units. Find the capacity of A. 

After the two conductors have touched each other 
they will Have the same potential and consequently the 
potential of A is that of B = 200 units. 

We know that Q = CxV 

= R x V (where *R is the radius) 

The charge taken by the conductor B to raise 
its potential from o to 200 is given by 
Q =C x V 

■ . =Rx V ' • 


= 10x200 
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This charge was given by A and thus its potential 
-fell through 200 units. 

If C be the capacity of A then we have 

Q 2000 


= 10 C. G. S. units. 

15. Three condensers of capacities 10, 20 and 30 
•e.s. units are connected in series. The insulated plate 
•of the first condenser is at a potential of x 2 r c s. units. 
If one plate of the third condenser be earthed, what 
is the difference of potential between the plates of the 

.second condenser ? 

We know that the capacity of condensers connec- 
ted in series is given by 



•We also know that Q = CxV (%here V repre- 
sents the difference of potential between the first and 
last plate). Substituting the values we get * 

Q_^ 2 KI2I [V=(i2i-o) since the last plate 
of the third condenser is earthed] ’ 

— 660 units, 

This gives the charge on each condenser. Since 
the capacity of the second condenser is 20, the 

660 

difference of potential between its plates — 20 ~33 
e. s. units. # 

16. A Leclanche cell of E.M.F. x'4 v °ff s * s uset * * n 
charging a parallel plate condenser of capacity 
2 micro-farads. Supposing the charge, given to the 
condenser ,be used to’ raise the metal spheres of 3° 
cms. radius to a potential of 4000 volts, how fhany 

such spheres could be charged ? 

We know that I Volt e.s. uijit. 


t -4 Voits== 3Q0 e.s. unit. 

Again 1 Farad = 9 x 10 11 e s. uniw. 

‘ 1 micro-farad = ~ I0 * ~ — 9 x io 5 e.s. units, 

• 2 micro-farads = 2 x 9 x to 5 e.s. units. 
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f r ' 

The quantity of charge taken by the condenser 
= Capacity x Potential 


units. 


2 X9X IO' 


= 8’4X io s units. 

The charge taken by each sphere of 30 cm. radius 
in order to raise its potential through 4000 volts 


4000 


e. s. units 


400 e. s. units 


S'4X 10? 


Hence the required number of spheres 


17. A condenser A has plates of area 1000, and a 
dielectric of thickness 4; another condenser B has pla- 
:es of area 800 and the same dielectric of thickness 5. 
Compare the charges and energy in A and B when 
■hey are connected , A to a source of potential 4, and 


given by 
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J-ience the capacities o£ the twq condensers are given 

K x iooo 

h y <o Ci = ^T‘ 

; ; „ KX 800 
( 2 j Ca — * s 


But we know that Qi = Ci Vi 
and Qz-Cz V a 

Qi_ C i_ V a_’15 4J5 
• * Q S “ C 8 Va" - »6 5 4* 

The energy is given by 

| E a ~iQi V* 

and E 2 = IQe V 2 

„ 'Et i.Qiy» 

Hence £\ = £ Q* V 2 

_Q i V 1 

"Q.V*, 




j n the ease 

* o 

sphere* 

Similarly the potential of the other 

r 192 _ . 

sphere V 2 = jr - — IO - 
192 + 1 92 

Common potential = 8+12 


h CjVr + iCAV : 

4 xg* 24 2 +4x 12XI6 2 - 
3840 units. 

q6 2 

4 x 20 x - p - = 3 $ 86'4 

1 2 + S — 20) 

: 3840—3686-4 
153 6 units. 


Energy before sharin: 


Energy after sharing 

(since common capacity 
Hence loss of energy 
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• ' , Exercises. 

' ■ :: ' * ’• - .I'..'. ( • ’ * 

Note . — All quantities are expressed in terms of 
■C. G. S-. units) . ' ; 


i. The distance between two small electrified 
bodies is io cm. Each is charged with 40 units of 
positive electricity. Find the force of repulsion 
between them if the intervening medium is (1) air (2) 
a medium of dielectric constant 2. 


(Ans. <*> ) 

, \ (2) f 8 dynes. / 

2. Calculate the force between tw<& small bodies 
charged with +35 and +25 units of electricity placed 
in a medium of specific inductive capacity 2 ’5, the 
-distance between^them being 5 cm. [Ans. 14 dynes]. 

3. The distance between r two small r charged 
spheres is 8 cm. One of them has a charge of 72 
-units. "Find the charge on the other sphere if the 
force of attraction between them is equal to a weight 
•of 100 milligrams 

[ Ans. 87*2 units J. 

4. Two similarly charged spheres placed 6 cm. 
apart in a medium of dielectric constant 3 repel each 
.othfir with a force of 140 dynes. If one has a charge 
of 60 units, find the charge on the other. 

[ Ans. 252 units J. 
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ATTRACTION &ND REPULSION 


must be the distance between two smau 
;res having charges of 160 and 40 u^ts 
ve force between them be ioo dynes ? 

, [ Ans. 8 cm. ] 

similar balls of which one is electrified 
On being separated 10 cm. 
' ' : force between them 

What was the original charge 


6. Two 

.re placed in contact, 

;rom one another the repulsive 
s equal to 25 dynes. ’ - 

m the electrified ball ? . , 

[ Ans. 100 units ]. 

W7 A small insulated sphere A cha/ged with the 
Quantity of electricity 2 is at a distance of 25 
iZ t "second" similar sphere B charged 
quantity 5 i the latter is momentarily touched w.th an 

unelectrified sphere D of the same sue, and the 

d, stance altered to so What is the ratio of the 

repulsive "forces in the two cases ? ( ■ •/ , 

[ Ans. 32: 25 ]• 

8 . Electric charges of io and 5 umts are . giver ‘ 
to two bodies which are at a distance' of 50 cm. apar ■ 
. . . .... line mining the charge* 
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If the charge on ofie of the spheres is doubled and the 
distance between the spheres is also doubled, what is 
the amount of repulsion ? [ B of E. 1903 ] . : 

[ A ns. O's milligram. ] 
Two small balls of equal diameter charged 
with —15 and +20 units of electricity are placed 
4 cm. apart. They are made to toueh momentarily 
and then again separated by the same distance'. What 
is the force of attraction and repulsion before and! 
sifter contact 





t^ar it. If the direction *of the elJctnc held ot tne 
glass rod near the ball is horizontal and its magnitude, 
equal to 20 C. G. S electrostatic units, whence de- 
flection of the’fibre is 45% what is the charge on 

the ball? (B of E. 1906). [Ans. 4'9l- 

I4 . Two small spheres each of mass cne d5ci- 
o-ramme are suspended from a point by threads each 50 
cm long. They are equally charged and they repe 
each other to a distance of 20 cm. If g- 9 8o cm/sec 
„,w is the charge on each? (Inter. Board U. P. *930, 


eres each t millimetre m 
rom the same point by silk 
when equally charged are at 
re, from centre to ^centre, 
n each sphere, the density of 
acceleration of gravity 980. 

7) ’jAns. 0-151! 

rs of an equilateral triangle 

ced + 26 and - 20 units, 
d direction of the resultant 
o-e of + 20'umts placed at the 
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17. At the three* corners A, C, and D of a square- 
ABCD of 5 cm side, charges 4 - 10 , — 10 and +15 
electrostatic units are placed. Find the intensity of 
the field at B, the medium being air. 

[Ans.. ^V 4 T e. s. unit], 

18. The diameters of three insulated metal balls 
are respectively 10, 14 and 24 inches. They are con- 
nected together by a fine wire. What are the charges 
on the other balls if the smaller ball has a charge of 20?' 

{Ans. Second ball, 28" ; third ball, 48. J. 

19. What charge, must be given tor spherical con- 
ductor of 6 cm diameter so that the surface density of 
the electrification may be 7 ? 

22 

(Take ir = — ) [Ans. 792 units]. 

20-. Two insulated spheres A and B whose dia- 
meters are respectively as 7 : 10 have equal quantities 
of electricity impacted to them. In what ratio are 
their electric densities. 

. (A. University) [Ans. 100^49]. 

2 1. In moving a charge of 100 e, s. units through 
a distance of 10 cm. in a uniform field 3000 ergs of 
work are done. "Find the intensity of the field and the 
density of the lines of force. 

1 Ans. (1) 3 e. s. units ; (2) ~~ I 



Pt)TENTIA^*AND QAPACITY 6 3 ’. 

The potential of a sphfericfl conductor in air 
d from 20 to 30 units by giving it a charge of 
.. S. units- Find the radius of the conductor. 

[Ans. 8 cm]. 

Find the quantity of electricity which nrast 
« /in i mcnl P t*i\ snhere of 12 cm. diameter so 


A charge of +25 e. s. units moves along a 
force* in a uniform field from a point P to a 
If the work done is 1800 ergs and if the 
PQ is 2 cm, find the potential difference 
P and Q and the intensity of the field. 

. (1) 72 e. s, units.! 

Ans - (2) 36 e. s. units.j 
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r 


Find the potentials aj: the corner D and at the centre 
O, Find the amount of work necessary to be done in 
orde^to bring a positive unit from D to O. 

v d = 9*828, ? v 

I A ns. V 0 = 15 * 554 - I 

• Work — Arno W 


' Work = 5*726 er°s. / 
m 27, Three insulated metal spheres are charged 
with electricity till their potentials are raised to 9, 12 
and 14 respectively. They are placed at considerable 
distances apart The radii of the spheres are 2, 3 
and 5 cm respectively. Find the potential of the 
whole system •’when they are connected by a fine wire. 

Hi Axis* 12*4]* 

28. The diameters of two insulated copper balls 
are 5* and 2*. They are joined by along fine wire. If 
98 units of electricity are given to them, find how the 
-charge willjbe distributed ? "[Ans. 70 and 28 unitsj 

29. An insulated sphere has its radius equal to 
10 cm. To what potential should we charge it so that 
its surface density r may be represented by 5 ? 

* m'- ' 

„ [Ans. 628‘32j. 

30. Two insulated and widely separated metallic 

1 : r 

spheres recieve charges of positive electricity which 
raise their potentials to 4 and 5 respectively. The 
densities of the charges being in the ratio 4 : 9, com- 
*pate the radii of the balls. (S K. 1889). 

[Ans. 9 : 5I. 




n 


■ 









POTENTIAL, And CAPACITY 


31. Two insulated brass balls are connected by 
a long fine wire and are charged to a potential 80. If 
the diameter of one is twenty times that of the other, 
compare their densities. 

lAns. 1:20]. „ 

32. Plow much energy is expended in carrying 
a charge o| 50 units of electricity from a place where 
the potential is 20 to another where it is 30? What is 

meant by saying that the ptoential of a conductor 
is 20 ? (B of E. 1 - 894 .) 

, [Ans. 500 ergs]. 

33. At each of the four corners of a square of 8 
cm. side are placed four equal charges each of 16 
units. Find the potential at the middle point of either 
of the sides and at the centre of the square. 


34.’ Charges of +£,+ 10,- 15, '+20, -25, units 
of electricity are placed at the corned A, B, C, D, 
and E of a regular hexagon ABCDEF having one 
of its sides equal to 4„cm. Find out the potential at 
the point F. 


— y e .s. mjit s j 

35. A conducting sphere of diameter 6, is elect- 
rified with 105 units, it is then enclosed concentrically 
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within an insulated? and unelectrified hollow conduct- 
ing sphere formed of two hemispheres of thickness 4 
and infernal diameter 7 . The outer sphere is then 
put to earth. Determine the potential of the inner 
c^Wp before and after the outer sphere is earth 


The difference of potential between two 

A and B in a uniform electric field is too, A 

being 4 cm. apart and lying upon the same; 
force. A body charged wta 10 units of P°' ,icit?e ' 
city is placed upon the line AB. What force 
t experience ? [London University Matric 1906}. 

" [Ans. 250 dynes]’ 

Two equal soap-bubbles are equally and simi- 

charged. Then they coalesce into a single larger, 
e. What would be the potential of the bubble 
:d by their union if the potential of each bubble 



' jgB j 


-OTENTIAI? AND RAPACITY 


while at a distance from the other and from all other 
conductors was R. : : £ T 1 


39. The potentials of two insulated and wicfely 
separated metallic spheres are raised to 8 and 10 
respectively. The densities of the charges being; 
in the ratio of 2: 3, compare the radii of the balls. 

[Ans 1 ’2 : 1] 

■'•V ' CAPACITY , V, 

40. A charge of 40 C. G. S. units, raises the- 
potential of a spherical conductor through to units. 
Find the radius of the sphere. 

, [Ans. 4 cm.] 

41. A sphere of radius r is surrounded by a con- 

centric sphere of radius t' . If r is earthed and r r 
insulated, what is the capacity of the condenser so 
formed ? , 


42. At what distance should the plates, 3 cm, 
in diameter of an air condenser be, placed in order, 
to have the same capacity as a sphere 100 cm. dir*' 
diameter? [Inter B. Sc.] [Ans. 001x25.] 

• 43. A sphere of radius 40 millimetres is surroun- 
ded by a concentric sphere of radius 42 mm, the space 
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between the two being filled with air. What is the 
relation between the capacity of this system and that 
of another similar system in which the radii of the 
spheres are 50 and 52 mm. respectively and the spa^ce 
between them is filled with paraffin of specific induct- 
ive capacity 2'5 ? [B. of E 1S92] 

[Ans. 84:325! 

44. An air condenser is formed of two circular 
metal plates each of 5 cm. radius, placed at a dis- 
tance of o' 5 cm ..from one another. The collecting plate 
was charged to a potential 4. What was its charge? 

* [ C. of P. Senior 1905]. fAns. 50]. 

45. What is the capacity of a condenser made of 
sheet glass 2 mrp. thick with tinfoil coatings each 30 
cm. square, if the dielectric constant of glass ^is 7-5? 

* (L. U. 1904) [Ans. 2685*7 cms]. 

46. In the above question calculate the capacity 
of the condenser ifi microfarad if air is used as 
dielectric. 

( 1 micro-farad = 9 x io 5 e, s. units) . 

[ Ans. 0*000398!.. 

47. A spherical conductor of 4 cm. radius which 
' isolated, would be at a potential of 200 units, is 

placed inside an uncharged spherical conductor of 


! 
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The smaller sphere *is then. removed and brought 
into contact with the larger sphere externally : find 
the final charge of the smaller sphere. * 

(Camb. School 1895) 


48. Calculate the capacity of a parallel plate air 
condenser of which each plate has an area of 400 
square centimetres the distance between the plates 
being half a millimetre. [B. of E. 1906I 

[Ans. 636 t 4 t e* s. units or cm*}. 

49. Calculate in terms ’ of microlarad the 
capacity of an air condenser in which the plates are 
parallel and etch i square metre in area, the distance 

between them being i millimetre, 

(Viet. B. Sc. 1891). [Ans. 0‘26/ microfarad]. 

50. The area of inner coatings of a Leyden jar is 

100" sq. cm. The specific inductive capacity of the 
glass is 4'4 and its thickness 2 nrat What is the 
radius of the sphere which has the same electric 
capacity as the Leyden jar ? ’ q 

[Ans. i7’'5 cm.] . / 

51. In a cylindrical Leyden jar the inner diamef eF’ * 
of the glass vessel and the height of the inner coating 
ar£ 10 cm and 15 cm. respectively. Calculate the 



1 - 
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capacity of tbe Leyden jar if the thickness of the 
glass be o*2 cm. [Take K = 3]. 

[Ans. 656*25 C.G.S, units] 

52. A Leyden jar A, of capacity 3, is insulated 
and the outer coating is connected by a wire with the 
inner coating of another Leyden jar B, of capacity 2, 
the outer coating of which is uninsulated. If the inner 
coating of A be charged so that the potential is V, 
what is the potential of the inner coating of B ? 

(B. of E. 1899) [ Ans. | V ] 

53. A Leyden jar consists of “two concentric 
spherical surfaces of 5. and 6 centimetres diameter 
respectively, the intervening space being filled with 
air. The outer sphere is uninsulated, <ghe inner is 
charged with 20, units of electricity. How much 
work is done when the inner sphere is put to the 
earth ?* (B of E. 1895). 

[Ans. 13& ergs J 

54. A Leyden jar has a radius of 7*5 cm; a depth 
of tinfoil of 18 cm. and thickness* of glass i’2S mm. 
If the dielectric constant is given to be 3'2, find the 
capacity of the ja*. 

[Ans. 2088. C. G. S. units]. 

. 55. Calculate .the capacity of a cylindrical Leyden 

fair if the inner radius of the glass vessel is 8 cm., 
the height of the inner coating 18 cm., and the 
thickness of the glass o‘2 cm. The value of K "is 
given to be 3* r [Ans. 1 320 e^ s. units] 



^otentiauand rapacity 7 l 

co.ndeasers, are charged 
*-75 units o£ electricity, 
are respectively ioo cm. 
The first one has air as dielectric 
and the other one has a dielectric 
q thickness 0 6 cm. Which way *ill 

connected 


56* Two parallel plate 
respectively with— 15° an< ^ 

The area of the plates 
and 14° 
of o‘5 cm. thickn 
•of constant 4*2 
the current flow i£ the two < 
by a wire ? Find their common potential, 

[ A ns. From second to first; - 2*397 * 

57* A condenser consists of eleven r 
pieces of tinfoil «ach measuring 15 cm. > 
joined together, with ten similar pieces 

v,2r find alternating 1 with the first set 
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f " f ; 

• '59. An air condenser with plates 10 centimetres 
square and half a centimetre apart is charged with 

100 electrostatic units of electricity. Kind the loss of 

■ ^ .■ ■; (|i 

electric energy when it is plunged under oil of specific 
inductive capacity 2. (L. U.) { Ans. 157*1 ergs ], 

r 60. Two spheres of radii 20 and 30 cm, have 
equal charges of 180 units each. They are then 
joined by a thin wire so that their charges are re- 
distributed over them. Calculate the loss of energy. 

[Ans. 54]. 

61. A spherical condenser has surfaces of 18*5 cm 
and 18 cm. radius respectively. The insulated sphere 
receives a charge of 60 units and the space bet- 
ween the spheres is filled by a liquid of dielectric 
constant 6. Find the change in energy of the charge 
on running the liquid out from between the spheres. 

(U, L. Inter. 192.1) [Ans 4 385 ergs gain]’ 

62. The armatures of a condenser are concentric 

spheres of radius is and 15 cm. # respectively and** the 
space between them is filled with sulphur of S. I. C. 
= 2*5/ The condenser has a charge of 2500 e. s. 
units. How much heat will be ^.produced if the con- 
denser be discharged in such a way that all its energy 
is converted into heat ? [ J = 4*2 x io 7 ergs]. 


■1 




? 

Lw 


Ans 5^6 ca!orie ] • 


■ 
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Ohm in 18^7 discovered that the strength 01 cur- 
rent in any circuit varied directly as the E, M, F. in 
the circuit and inversely as its total resistance, so long 
as the physical state of the conductor (temperature etc.) 
does not change. This is known after him as Ohm's 


current \w “* Resistance E 

This law is^ also true of any portion ol a circuit 
and holds good numeiically for either practical or 
absolute units. ■ • . ^ 

Resistance of a conductor is directly proportional 

to its length and varies inversely as its hrea of ^ross 

section. It also depends upon the nature of the 
material. 

We may express it as * 

R= S. r where S is a number wlpch is constant 

'iAA'Al : }A^' AA'A^AfA AAA f ■ : % AA0^ : /AAA :':/<% ?v. : ; 7. ,7~ ' 00 A: ■■■ v:». A A -7 A .0000. 

for any given material and L and A are the length and 
cross-section of the conductor. ' 

If L=i and A=*=i then R— S. i.e. S. is-th® 
tancfe of a portion of the material of unit length and unit 
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•sectional area. It is Called the specific resistance of 
that material, and its numerical value will depend upon 
the ifhits of length and resistance chosen. If we take ■ 
centimetre as the unit of length and consequently the 
square centimetre as the unit of area then the value 
t)f S will be in ohms per centimetre cub?. In other 
•words the specific resistance is the resistance between ■ 
the opposite faces of a centimetre cube. 

Resistance of certain conductors increases with 
temperature and in such cases the bodies are said to 
have positive temperature coefficient, (e,g metals and 
alloys) . r 

Resistance of other bodies (such as carbon, con- 
ducting solutions and liquids, boron) decreases with 
rise of temperature and these bodies are said to have • 
•negative temperature coefficient. 

If R c 'is the resistance of a conductor at o°C snd 
R t — the resistance at a temperature t°C then we have 
R.=R 0 (i + at) where a is the temperature -coeffi- 
me’nt of resistance (which may be positive or 



OHM* 3 LAW 


Conductors In series : - It concmctors > 
Tu r 2 and r 3 ohms respectively are joined in 
total resistance (or equivalent resistance) is 
ths sum of their resistances. 


rs in parallel : — If conductors ot rests- 
and r 3 ohms be joined in parallel the 
he equivalent resistance is the sum of the 
; the resistances of separate conductors 
ds equivalent conductance of a number of 
in narallel is the sum of their 


Current C 


-Rtoe if R be the resistance of a conductor, then 
£ is called its conductance. 


r 
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( 2 ) If n SHch cell& be connected in parallel 
their combined E.M.F. will be the same as that of one 


cell r i e. E, and their total internal resistance is - times 

r n 


that of one cell i.e. 


Then the current through an external resistance 


R is given by C = -g 

R + 


Mixed grouping of cells : — , 

If there are m rows of cells connected in parallel 
and each row consisting of n cells in series, the 
current through an externa! resistance R is given by 


Maximum current is obtained when R = — i. e» 


when the celis are arranged *in such a manner that 

m 0 

the internal resistance of the battery is equal to the* 
external resistance. 


Kirchoff's L aws ; — 

r 

Str (0 In any branching network of wires, the* 
algebraic sum of the currents in all the wires meeting: 
at a point is zero. 


* 






Hi 




m 


i 1111 1| 1||||^ 
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OHM’S’ LAW 


(2) In any closed path in the net-work, tne 
■algebraic sum o£ the C*R products is equal to the 
E.M.F. acting in that path, 

In applying the above laws the following rules 
-should be observed 

If a current be flowing towards a point it is taken 
as positive and if flowing away it is taken as negative 
The clock-wise cyclic currents in any closed path 
in the network are reckoned as positive and 
anti-clockivise currents negative 
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Salved Examples 


k/A current of o‘6 ampere is sent through a 
i co volt glow-lamp. Find the resistance of the lamp. 

Since C is expressed in amperes and E in volts, 
<he resistance of the lamp in ohms is given by the 
equation R = E/C = ioo/'6 = i66| ohms. 

2. The E.M.F. between the poles of a battery 
is (2 volts when it is an open circuit. When the 
poles are connected by a resistance wire the potential 
difference between the battery poles falls to xo volts. 
Find thg resistance of the wire aifd the internal 
resistance of the battery if the current running through 
the #ire is 5 amperes. 

.f * r 

The Resistance of the yxire is the ratio of the 
difference 'of potential between its ends ( 10 volts) 
to the current running through it (5 amperes) 


The total E. M. F. acting round the circuit is 1 
volts. It falls to 10 volts causing a flow of curren 
(5 amp) through the wire of resistance 2 ohms. 

Applying ohm’s law to the complete circuit we hav. 

E = CR=C(R 1 +B) 


7W 



We know that C 


In the first case we’shall have C- I+ . 3 — 

When the second Daniell cell is joined up 


From the equations 


.\Ba= t'3 ohmsj 
When the cells are joined 
of the cells will be the same 


in parallel the 
as that of one . 






flifip#’ 
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cell but the internal resistance B of the battery is 


driven 


If C x is the new current in this case then we 
shall have 


From equations (ii) and (iii) we get 


/Thus the ratio of the curfen:s in the two cases 
will be C: C a = iqq: 208. 


4. Calculate * the number of ^ cells required to 
produce a current of 50 milli-amperes through a line 
1 14 miles long, "whose resistance is 12*5 ohms per 
mile, the available cells of the battery having each 
an internal resistance of 1*5 ohms and an E, M. F* of 
i* 5 volts. (Patna University). 





OHM'S LAW 


Supposj n is the number of cells required. me 
E.M.F. of the battery ’s i - 5 n volts and its internal 
resistance is 1*5 » ohms. The resistance of the line 
is 1x4 x 12*5 = 1425 ohms. 

The total external resistance — 1425 ohms (the 
resistance of the return circuit through the earth is 
negligible). 

A milli-ampere is one-thousandth of an ampere 
and hence 50 rcilli-araperes = 50/ 1000 = *05 amp. 

By ohm’s law we know tnat 

C V. E/(R + B) ' * : 

i.e. "05 = 15 «/( 1425 + i'S «) 
or 'OS (1425 + 1-5 ») - 1*5 n > 
or v$n - *075»J = 7 r2 5 - . * » + '+\ 

or 1*425 n = 71*25. 

- .*. n = 71*25/ x'425 = 71250/1425 = so. 

9 

Thus the number of cells required will be 50., 

5. A copper wire 300 cm. long and 0 02 cm. in 
radius is found to have a resistance of 0*392 ohm. 
Calculate the specific resistance of copper, (a) in 
ohms per centimetre-cube, (b) in absolute units of 
resistance per centimetre-cube, (c) in microhms per 
inch-tube. 
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We know that 


In case (a) 

Q‘3 Q2 XT x (o'Q 2 ) 2 ■: 

S _ 30O 

(y area of the cross-section i.e. A = w' 2 ) 

■ . * . ■ ■ ■ 

or S = *cooco 1643, 

* = 1 ’6^l 3 x io~ 6 oSms per centk 

metre-cube. 

For the seccgrd case we have to take R in absolute: 
units i.e. we shall have to multiply it by io°. 

• r 

Then S = 1-643 x io - "'’ x j o 9 

= 1643 absolute units per centi- 
• . m metre-cube. 

For the third case we have first to express the. 
dimensions in ifehes. 

We know that v : 


inches 




OH^fs LAW 


00000065 
'65 x 10 ohm 
Q‘65 miciohm t 


1 microhm 



numerical 


u+30 

and in the second case : 



(Since the equivalent resistance when the volt 
meter is shunted is given by 


Now we know that, 


lubstituting tjxe values of C x and C 2 in the equa' 
(x) and {2) we get, 

E* vg mt ■ ^ 
tf+30 ~ 30 


iolving these equations we get E = v 6 $ + *351 

" = 2'oor volts. 

. A battery, of negligible resistance and an 
Mb F. of 4 volts, is connected^ to the opposite 
ers A and C of*a quadrilateral wire frame ABCD, 
resistance of the side AB —,90 ohms, of BC = 
ohms, of CD = 60 ohms, and of DA = 40 ohms.- 
ulate the P, D. between the points B an 4 
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In the circuit A' B C the combined resistance 
= 90 + 1x0 = 200 ohms. 

But E is given to be 4 volts. 

The current through the circuit A B C is given 


“ Rj “ 200 ~ s"o am P - 

Similarly the current through the circuit ADC is 
.given by 


In order to find the fall of potential between the 
points A and B we have to multiply the current in 
that circuit by the resistance of the arm AB. 

Hence the difference of poteptial between the points 
<-■ 90 x 1 

A and B= - -- =i’8 volts. Similarly the difference 

of potential betweeiv the points A and D 
40X2- 


Hence the difference of potential between the 
the points B an<j *D. 


§7 



OH# S LAW 


9, Hbw would you arrange 30 celk in each of which 
the resistance is 5 ohms so as to send the more power- 
ful current through an external circuit of 6 # ohms 
resistance. (It B. U. P. 19x7) 

In order to send maximum current through the 
•circuit we must have ? 


where R is the external resistance, B the 


internal resistance, n — the number of rows arranged in 
parallel and m -’the number cells in series in each 
row. 


Hence in the question we must have 


From the equations (r) and (2) 


10, Two batteries of E. M. F.’s 1*1 and V4 
and" resistances 4 and 6 ohms respectively are arrang- 
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ed in parallel so tjrat they tend to send currents in the 
same direction through an external resistance of 5 
ohms. Calculate the strength of the current flowing 
through the external resistance. 


Let us first take the most general case 


Let C be the current 
through the external res- 
istance, c a and c 2 be q I t 

the currents through the 
two batteries and b a and P £ , 

b 2 their internal resis- 
tances. 

Applying Kirchhofi’s A/\/\/\^/\/'. 
second law, we have in 
the circuit E t PRQ ■ r [ i } h : 

cf b a +CR = E 1 .. (t) 
and in the circuit E 2 PRQ, Fig 5. 

- . c* b*+CR — E* ( 2 )' 

By Kirchhoff’s first law we also know that 

#* 

C = c 1 +c s 


From equations (1) and (2) we get 



LAW 


Simplifying we get * v * * 

r __ Eabi . 

C ~ b x b 2 + b x R +b,R * W m 

Substituting the given values in the equation ( 3 > 


Vi X 6 + r‘4 * 4 6'6+5‘6 

4X6+4X 5+6 x 5 ”24 + 204-30 



A c«ll of electromotive force of 2f volts and 
resistance | ohm is used to send a current 
a wire of 1 ij ohms resistance. ‘ Find . the 
voi the* current. *• 

fordLocal Senior 1 899}. [ Ans. i ampere] . 

The E. <M. F. mf a battery being 15 volts 
resistance 10 ohms, find the strength of the 
generated by it when its poles are connected 
sistance of eo ohms. 

[Ans. 0 5 amp] * 



OHMfS LAW 


; 6, • If an increase of the resistance of a circuit by 
12 ohms causes the strength of the current to decrease 
from 5 to 3 amperes, find the total resistance «f the 
-circuit after the' change. 

[Ans. 30 ohms] % 

Q A battery of ten cells in series yields a 
•current of 1 ampere, when the external resistance is 
10 ohms, and a current of o'6 amp, when the 
external resistance is 20 ohms. Find the E. M. F. 
.and the internal ’resistance of one of the cells (these 
being the sam^for ail). (Cal. University). 

■ ; [Ans. i'5 volts; o‘S ohm]. 

\yt }. When the poles of a voltaic cel) are connected 
by a coductor of resistance 1, a current of strength 
1-32 is produced ; and when they are connected by 
^ conductor of resistance 5 the strength of the 
current is 0 33. Find from thege data the internal 
resistance and the electromotive force of the cell. 
(Patna University) . 

{Arts. R =4 ohm; E = 176 volts] 


/ 9. If we have 5 cetls each with an E. M F, of 
2 volts and i ohm internal resistance, what current, in 

rrrfperes, shall we get if we place the cells in series 
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and connect the poles with a wire whose resistance 
is i ohm ? (OxL Loc, 19081. 

/ [ A ns. 5 f amperes] 

/ 10. A cell, whose resistance is ‘02 ohm and 

gWhose E.M.F. is 2 volts has itS poles connected by 
a wire; what must be the resistance of this wire in 
order that the current produced may be xo amperes?’ 
(Oxf. Loc. 1904). 

[Ans. o‘i8 ohm] 

/ 11. The » E.M.F. between the poles of a battery 

is 12 volts when the circuit is “op$p” and 10 volts- 
when it is closed by a resistance such that a current 
of 6 amperes is passing. Find the resistance of 
the battery. r (Carab. L. S. 1895) * 

{Ans. i ohm] 

The terminals of a battery of 6 Grove cellg f 
the total E M.F. of which is id*8 volts are conned 
ed by three wires, the resistance of each of which 
is* 9 ohms. The current through each wire is f- of an 

ampere. What is the internal resistance of each cell? 

* 

r * {Ans. o' 2 ohm] 

is/* 3. Two .electric batteries have electromotive 
forces of 14 volts and xi volts and resistances of 8 
dhms and 2 ohms respectively. It is found that they 
jrfev the same current through a certain wire. Find 


it: 



j pHHIBI 


the resistance of this wire and tht strength of the 
current in amperes. iOxf. Prelim. 19C9). 

[Ans. 20 ohm ;*o‘S ampere^. 

yi; 'V' : ; Q’;,y : . y, ; : 

14. A battery of six similar cells connected in 
series sends a current of 2 amperes through a coil of 
wire the resistance of which is 5 ohms. The E.M.F. 
of thf» hatterv is 1 2*6 volts. What is the internal 


- 15. The ipoles of a given constant battery are 

pined by a wire of 1 ohm resistance, and the potential 
difference between them is then x volt. A second 
wire of 3 ohms resistance is now joined in parallel with 
the first, and the potential difference between the 
poles of the battery falls to 0’9 volt. Sind the elec- 
tromotive force and the internal 
battery. (L U) 

* [Ans. o'5 ohm; x - $ volts.], 

16. The current in a certain circuit, is dimiwipheilt 
in the ratio of 10: 9 by adding a resistance of 5 ohms 
Find out ■ the 'original resistance. How much 'should 
be added to this in order to bring inf* current down 
to half its original value t 

[Ans. ( 1 ) 45 ohms; ( 2 } 45 more l 
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17. How ma*ny cells, each of 1*4 volts E.M.F. 
and 5 ohms internal resistance will be required to 
send «a current *of o‘o8 ampere through an external 
resistance of 100 ohms ? ' 

v' [Ans. 8 cellsj. 

\/'iS, The potential difference between the poles of 
a battery (of 1*2 ohms resistance) is 6 volts when 
the poles are insulated, and 4'$ volts when they" 
are joined by a wire. What is the resistance of 
the wire ? (L. U ) 

( \.ns. 3 '6 ohms) 

19. A* circuit is 'formed of six similar cells in. 
series and a wire of ro ohms resistance. The E.M F. 
of each cel! is 1 volt and its internal resistance 5 ohms„ 
Determine the difference of potential between the 
positive and .negative poles of’ any one of the cells. 
(B of ft. 1894) 

{Ans. | volt.j 

20. Six cells arranged in Series, each having an 
internal resistance of O' 4 ohm, are connected by a 
wire of /“6 ohmg. If each cell has an electromotive 

force of x volt what is the potential difference 
between the positive pole of the battery and the 
point of junction of the third and fourth cells > 
(B. of E. 1899). 
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21. Show that if the external. resfttance is equal 
to the resistance of a cell, the same current strength) 
is produced whether the battery is coupled in series 
or in parallel. (Chmb Local 1907) 

22. A battery of 10 volts and internal resistance 
*5 ohm is connected in parallel with one of 12 volts? 
and internal resistance 0*8 ohm. The poles are connec- 
ted to an external resistance of 20 ohms. Find the 
current in each branch. (London University" 
B. Sc. 1907). 

[Ans. Ci =115/66 ampere, C a = 80/66 ampere 
flowing backwards through weaker battery}. . 

23. Four points A,B, C and D are connected together 
as - follows: A to B, 3 to C, C to D, D to A, each by 
a wire of 1 ohm resistance; A to C, B to D, each by 
a cell of 1 volt E,M, F and 2 ohms ''resistance. 
Determine the current flowing through each of the 
cells. (B. of E. 1900) 

A 1 -^^A^AyA^ ■■Ay. A A/.;' AAA 1 : AAAA::;Ay.. AA- .AA. A^A^AyAv-AyA-v A'A A' ; : . 

: :'A /AAV ':^-AAy«"i ■■■ yuAAAy/: ..AAAA.'AAAyA ,; A : : 7 

(Ans. iamperejA' 

: 24> A battery of 20 volts E.M. F. and ,4 ■ ©bmay 
resistance is joined in parallel with another of 20 
volts and 3 ohms to send a current through an 

A '’Ss*. 1 :'; A'fe AyAAAi 

external resistance of 10 ohms. Calculate the current, 
thrpagh each. .battery, (L. U.) AA> ;, A AaA 

AyA/A/A. (Ans. 0 '976;' 0^32 amp|: A : ;§;1 
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2 5 - Six Daniell cells for each of which E = 1*05 
•volts, r --=o's ohm are joined in series. Three wires 
X, Y and Z whose resistances are severally 3, 30 and 
300 ohms, can be inserted between the poles of the 
battery. Determine the current which flows when 
each wire is inserted separately; also determine that 
which flows when they are all inserted at once in 
parallel. (Patna University). 

[Ans, Through X, 1-05 amperes. Through Y, 
OT909 ampere. Through Z 0*0207 ampere. Through 
all three rio; amp]. 

26. Calculate the combined resistance of four 
conductors in parallel of resistances 4, 8, 12, and 24 
ohms respectively. If the total current is 2*4 
amperes, find the current in the r 2 ohm conductor. 

[Ans. 2 ohms; 0*4 ampere]. 

27. The E. M. F’s of two cells are 2 volts and 
r volt and their internal resistances 1 ohm and 2 
ohms respectively. The cells are connected in parallel 
and their terminals joined by a resistance of 4 ohms. 
Find the current in each branch of the circuit (U, L. 
Inter. Eng, 1928) 

[Ans. o 571, — 0*214, 0'3S7 amp] 

28. Four cells each of 1*5 volts e. m. f. and 
2 ohms internal resistance, are used to send* a 
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current through a single tvire of 2 8hms resistance^ 
The cells are arranged (a) all in series, (b) in 
two parallel groups of two in series, tod (c) a» i.i 
parallel. Calculate the current in the wire in each 
case. (L. U.) 

fAns. fa) 0'6 amp. (b) 0*75 amp. (c) 0 6 amp.} 

^9. Two cells, each of E.M.F. 1*5 volts and 
resistance 5 ohms, are joined in series with a resist* 
ance box and a resistance coil of 10 ohms. What 
resistance mast be* unplugged in the box inorder 
that the difference of potential . between the ends 
of the to ohm coil may be o‘i volt ? (Madras 
University) 


{Ans. 380 ohms.} 

I uniform wire, 4 metres long, whose 
per metre is 6 ohms, is bent into the form 
are ABCD. The adjacent points A and B 
to the poles o| a battery of E.M.F. 3 volts 
nal resistance 4 ohms. Find the current 
and CD; aiso the current between the 
he battery. (Camb, School 1895) 

6 Q 

" ampere through the batterer— amp. 

34 

B; and ■£* ampere through CD.} 
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• 31. Given a voltmeter of, resistance * ohms; reading: 
fromo-i’5 volts, how would you use it to measure 
voltages up to 150 volts ? (U. L.) 

fs [Ans. 99 x ohfns in series] 

^^22. Four resistances equal to 10 ohms, 100 ohms,. 
60 ohms and 600 ohms, form the arms of a Wheatstone 
bridge. If the voltage of cell connected to the bridge 
be x‘5 volts, find the current in each arm, (Inter. 
Board. U.P. I 93 2 l 


tances of 100 and 10 ohms respectively were used 
as the fixed resistances, a wire whose resistance was 
to be determined was placed : its resistance Was 
balanced when the adjustable coils were arranged to 
throw 281 ohms into circuit. What was its resist- 
ance ri (Patna University). 

[Ans. 28' 1 obmsl 

34. A battery of fifty-four cells each of E. M. F. 
2 volts and t resistance o'oos ohm is employed 
with a number of 100-volt giojv lamps all in para- 
llel, each lamj> requiring ’6 ampere ; what is the maxi- 
mum number of lamps which can be used so that the 
voltage at their terminals shall not fall below IOO 

volts ? (Oxford Local 1907). • 

[ Ans. 49 la m P s 1 . 
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35- ’An electric light installalfcn consists of "a 
group of lamps in parallel arc between the ends of 
leads. The leads have total resistance of 0*4, ohm 
and bring current from 60 accumulators each with. 
E. M. F. 2 volts and resistance *ot ohm. When 
twenty-five lamps are switched on, each takes 
0*4 amp. Find the resistance of a lamp and the watts 
used in each part of the circuit. (Lond, University 

1894). 

} Ans. 275 ohms ; 60 watts in battery. 40 watts ia 
leads, 1 soo watts in lamps ]. . 

36. The pgsitive poles W apd Y of two cells are 
connected by a resistance of 10 ohms and their ne- 
gative poles X and Z by a resistance of 20 ohms. 
If fhe middle point of W Y is connected to earthy 
what will be the potential of the middle point 
of XZ.? 

The E . M . F. of W X is 2 volts, its resistance 
2 ohms. The E.M.F. # of YZ is I'volt, its resistance 
r ohm. (U. L. Inter. 1927). 

{Ans. — U485 voltsj. 

37. The terminals of a battery, of negligible re- 
sistance, are connected by a wire of Too ohms re- 
sistance which is 2 m*etres long. A voltmeter of 50 
>h ms resistance, placed as a shunt across 1 metre of 
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indicates 07. volt. - What is the electromotive 
he battery ? (U. L. Inter. 1925)- 

[ Ans. 2‘t volts.] 

How would you connect two equal constant 
iternal resistance 5 ohms each, if you wished 
it copper as rapidly as possible in a volta- 
7 ohms resistance ? (B of E. 1906). 

[ Ans. In series ]. 

Four cells each of 1 ohm internal resistance 
led ep in scries with an* external resistance 
is. Two similar cells are foupled up in 
‘with an external resistance of 5 ‘5 ohms, 
a the currents in the two circuits, (Oxf , 


m 



42. What length of copper wire, having a radius 
of 1*5 millimetres has the same resistance as 20 njetres 
of copper wire, .having a radius equal to x millimetre ? 

[ Ans 45 metres. ] 

43. If the resistance of two yards of iron wird, 
0*015 inch in radius be 0*394 ohm, what is the re- 
sistance of 1 s miles of iron wire, 0*3 inch in dia- 
meter ? 

I Ans. 52*008 ohms, j 

44. Find the length of wire of diameter 0*3 mm. 
and resistivity rSx 10— 6 ohm-centimetre which 
would have a resistance of 2 ohms. (U. L ) 

[ Ans. 785*2 cm I 
• » 

43. coil concealed in a box but with its ter- 
minals exposed, is found to have a resistance of 
126 ohms. A piece of wire, 10 metres in length, of the 
same material as that of the coil, but of twice Its 
cross-sectional area, -is found to* have a resistance 
of 1 2 ohms. What is the length of the wire in the 
coil ? L).rJ. Univ. Matric, 1900./ 

] Ans. 52*5 metres. J 

46 A piece of wire 50 yards" long weigh s 
o*5 lb ; another pietfe of the same wire *250 yards 
long weighs 0*1 25 lb. Compare their resistance. 

, I Ahs. 1 : too }. 




# 
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of copper is drawn into wire 
mms. thick. Compare their 
(Inter. Board. *U.P. 1926.) 

[ Ans. 16 : 1 ]. 

used by Post Office for 
resistance 
of the wire is 
ohms of a mile of 


5 48. The bronge wire 
overhead telephone circuits ' has specific 
3*37 micro'ohms* The diameter 
-0*122' cm, Find the resistance in 
the wire, {Inter, Board, - 1928.) 

* Ans. 46*4 ohms. } 

49. 660 yards of iron wire 0*0625 of an inch in. 

diameter have the same electrical resistance as a mile 
of -copper wire 0*0416 of an inch in diameter* Find 
the specific resistance of iron, that of copper being 
unity. (Allahabad University*) 

I Ans* 6*02. ] 

On the bobbins of a single needle telegraph 
are coiled 225 yards of No. 35 copper wire 0*0087 inch 
^ diameter,' the resistance of which is about 92 ohms. 

, Required the deducting power "of the wire in terms 
df mercury. Patna s University*! * . \ - ; : , 

A' • { Ans. :['$$$: 

5 1« If the resistance of 13^ yards of a particular 
copper wire of] an . inch in diameter is an ohm,, 
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CHAPTER IV. 

* Magnetic effects of current. 

In the neighbourhood of a conductor carrying a 
current there is a magnetic field created. 

(i) The intensity of the field at any point due to 
to a current in a straight wire is given by, 

F ( where A is the strength of the 

current in e. m. units, S— the length of the element, 
R — the distance of the element from the point in 
question and 9 , the angle between R aifd S. 
f It the wire be infinitely long then we have 

^ ~ A 


If A is measured in amperes then 


1 “ ioR‘ 

(2) Field at the centre of a circular coil carrying 
■current, is, given by, ■ ■ " 

2WA ■ ' : V- 

F (where A is the current in e, m. units,; 

R — the radius of the coil.) 

*• | See Willow’s Book p 364 ). 

In the above equation we see that if A and R are 
each unity, F == 2^. Thus an electromagnetic unit of 
current is that current whtch flowing through a circle 
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of 1 cm. radius produces a magnetic field of 2w dynes 
at its centre. 

l^y Field af any point on the axis of a circular 
coil is .given by, : ! 

p _*■ , (See Willow’s Book p. 368). * 

(x a + R (i) 2 ) t ; ' : :i; A;- rC 

'-^{4)) Field in the interior of a long closely wound 
coi i solenoid is given by, 

F = *—7 — — (where A is the current in e. m. units, 

* * 

N the total number of turns of the solenoid, and / its 
length. * ‘ 

The held is uniform except near the ends where it 
is half the above value. 

If n represents the number of turns per unit length 
of the solenoid, then jS ^ = 4ir»A. 

In the case of a Tangent Galvanometer we 
have,~ •* 


(i) A = — — - tan S, (where A is the current 
2 ■*»/?• . 

A; - . r , .. ‘ . f ■. 

in e. m. units and -Q — the deflection of the 
galvanometer). * ' 

- ( H J A S gf 
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This K is called the reduction factor of the galv- 
anometer. In the above formula if 8=45° then 
K = A (since tan 45°= 1). 

Thus K — the reduction factor of the galvanometer 
can also be defined as that current which would pro- 
duce a deflection of 45 0 in the galvanometer. (See 
Willow's Book p. 366 ) 

V/ f6) Current passing through a galvanometer 
when it is shunted. 


If C — total current, C g = current through the 
galvanometer, C s — current through the shunt, and s 
_g be the resistances of the shunt and galvanometer 
respectively , then we have 


5 ' s+g 

r 

* (7) Resistance of the Coils of a Tangent Galv 
anoifleter is given by 

G _ Ri tan 81 — R 3 tap % 
tan 8 2 - tan 

r ■ ' 

where R a and R 2 are resistances and and 0 *, 
the respective deflections. 

V(8) The ratio of the E.M.F ’s of two cells 
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using a Tangent Galvanometer is given by 

Ei tan Si-Ban 0* . • n a ti _, 

%- s rsr^rs: where e > and are the 

deflections in the two cases. 

'4?> The internal resistance of a cell by means, 
of a Potentiometer is given by 

B « where l x is the first length of the 

wire, R is the resistance across the poles of the cell 
and / 2 the corresponding length. 

N* & * M . jL. o/ v- 


v-t ffcc, 

<?v/r ifc* 



^JK A wire of 60 cm, length is placed in a vertical 
position. A current of 5 amperes runs upwards- 
through it. Calculate the strength of the magnetic 
afield at a distance of 40 cm. from the middle oi the 
wire. 

We know that tt^e magnetic field is given by 

tt _ 4 - S bin 9 I 

** — 1 glj / where- S-sin 9 is the apparent 

length of ihe Jirp I ^ 

xengtn or jtne^ire. j /s - ^ p a, «, + 

*<«. rij O) . 

' Sutaitjx Vwj lb- WWW: 

^ $*T «|/V*.«wwv 


sin. 8 m fmxd i to be 
Substituting these values- in the afbeve- 


~l 0I2S c (jraUSS, 

, ■ ^ ' * fe\ < 

Two long straight parallel wires, 10 cm. apart, 

carry currents of 5 absolute units. Calculate the 
strength of magnetic field at a point midway between 
the wires when currents flow in them in opposite 
(2) in the same, direction. 
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We know that in the ca$e of a long vertical wire 


_ a 2 Gauss. . ' 

In the first case the currents are flowing in the 
opposite direction and so the field will be additive. * 

■ Since the point in question is equidistant from the 
two wires, therefore the resultant field will be twice 
the field due to one wire i.e. F fr-'2 x 2 = 4 Gauss. 

In the second , case since the currents are flowing 
in the same direction the field due to either wire will 
be in the opjfcsite direction. The two fields being 
equal at the point mid-way between the wires the 
resultant field will be zero in this y case. 

%y A small magnet is placed 10 cm. due mag- 
netic east of a long vertical wire and is found to make 
24 oscillations per minute under the inflnence of the 
earth’s horizontal field (o*2 gauss). How many 
oscillations per minute will it make when a current of 
5 amperes runs (1) upwards, (2) downwards,^ in the 
wire ? 

Let F be the field produced by the wire carrying 
a current of 5 amperes. 

Since the wire is long, F is given by 



e.ra. 


(i) When the current is running upwards the 
field Will be F-f II. 

We know that 


/K 

-M(H+F) 


” M(H+F) 

x) and (2) we get 
+F «, 


:ing the given val ues we get 


nee n z =» 29^4 oscillations per rain. 

In this case the field = H — F. 
ice as before 



whence »*= i 6‘97 oscillations per ram. 

4 /^alculatathe strength of the current in Cji.S 
nniKfand also in amperes tnm H» Moving toa 
Radius ol coil la cm; number of turns m coil to 
deflection of needle 45 °! ™ 1 »' ° f earth ’ s botaont - 
force o t 8 . (B. of E 1902)* 

la C.G.S. units we know that 


A s*- — tan 9 . 

2TTft* 

Substituting the given valueewe get 

nxv , L tan f 

A _ 2 X1tXIO 


_ x t (for tan 45 = *) 

~ It . .. 

= -034. C.G S. unit. 

Since one C.G S unit - to amperes, 
the current in amperes will be 034 x i 
5, Three wires of resistances 2, 6 and 
pectively are connected in parallel and are 
a circuit * ith £ «B and tangeM galva 
e deflection is 60’. The two ohm wire is 
.1 ihe deflection becomes 45 - Laia 
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. We know that the combined resistauc 
is given by 


A R = |, ohms. 

In the second case the combined resistance 
given by 


A R 2 = 4ohms, 

If G be the resistance of the galvanometer \ 
get the following two equations ; — 


i (4+3G) 
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UI 4+G 

From the equations (i) and (ii) we get 
4 +G» . 5 • 

i(4+ 3 G)" V3 •; 


■ohms, 


whence G 


6. A battery is connected to a tangent galvano- 
meter of resistance 9 ohms and produces a deflec- 
tion of 60 0 An extra resistance of 7 ohms is then 
placed in series itf the circuit and the deflection 
falls to 45.° Calculate the resistance of the battery. 
(Inter. Board. U.P. 1923). 

■We know that ' = 


ai!U v -' 2- B-fG+R 2 2 

‘ ■ 3 ' ■ ■ <&' 

where Ci and C 2 ar<? the currents in the two cases 

Substituting the given values we get, 


^2 J> I ^ I j * * *'* * *■ ■«. i * 

From the equations (i) and (ii) we get, 
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r r ) ■ 

B+9 +7 • ■ 1 

~ B+9~~ v/ 3 

•whence B (resistance of the battery) 

16-9V3 


= 0's6 ohm. 

7. Calculate the current through a galvanometer 
of resistance equal to 10 ohms shunted by a resistance 
equal to cri ohm when the combination forms a part 
of the circuit , whose total resistance is xo ohms and 
in which a^ cell of e.m.f. of 2 volts is sending the 
current, [Inter. Board, U.P. 1928]. 

LetC represenfthe strength of lire main current 
and C s and C g be the currents through the shunt and 
the galvanometer respectively. We know that 


i.e. C = ~ = J ampere 
Again we know that 
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, Exercise*. 

A long vertical wire carries > a current of 
4 amperes passing downwards. Find the intensity of 
the magnetic field due to the current at a point 20 cm. 
from the wire. [ Ans. -04 C. G S. unit J. 

2. A vertical wire 62 'S cm. long carries a current 
of to amperes. Find out the intensity of the magnetic 
field due to the current at a point 20 cm. from the 
middle of the wire. 

Find also the intensity of the field at the centre of 
a coil made of that wire. 

4 Ans. 0-084 ; 0-628 C. G. S v unit J. 

3. A current of 7 amperes passes through a long 

vertical wire and a magnetic compass needle is kept 
ic’cm. due (x) east (2) due north of the wire. Find 
the tangent of the angtes through which it would be 
deflected by the current in each case, • 

[ H = 0-35 gauss]. 

{Am. No deflection; tan 8 = ~J . 

4 - A current of 7-5 amperes flows in a straight 
vertical wire at a .place where the horizontal com* 
ponent of the earth’s * magnetic field is 0-2 
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5 \-/k coil of 100 turns of wire of a radius equal to 
2 oim. carries a current of 5 amperes. Calculate the 
•intensity of the magnetic field at the centre of the coil 
in absolute units. (Take ■* = 3-14). [Ans 1570]. 

6. Two long straight parallel wires 20 cm. apart, 
-carry currents of 10 amperes. Calculate the strength 
of magnetic field at a point midway between the wires 
when currents flow in them (1) in opposite (2) in the 
.same, direction. [Ans. 0'4 gauss ; zero]. 

7. The, same current is sent through two con- 

centric circular coils of radius 2 and 4 decimetres 
respectively. A Small magnetic needle is suspended 
at their common centre. If the currents flow in 
opposite directions through the coils, compare their 
joint effect upon each pole of the needle with that 
produced -by a single coil 'of 3 decimetres radius 
traversed by the same current* [ Ans. ], 

8. At a distance of 25 cm. from a long vertical 
wire the intensity of the field is 0‘X2 gauss. Find the 
intensity of the field at a place 30 cm. from the wire. 

x"' « [Ans. o r gauss]. 

()/. A current of 10 amperes passes through a 
vertical wire. Find the intensity of the field at 
a distance of 20 cm. from it. Find also the radius of 
a coil of two turns which will produce the same inten- 
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sity at its centre if a current of 2 Amperes passes 
through it (Take *=±=3-14,) 


[A ns. -jg gauss ; 25' 12 cms.J 

^J^/A small magnet (free to oscillate in a 
horizontal plane) is placed 10 cm. due magnetic west 
of a long vertical wire and is found to make 12 oscilla- 
tions per minute under the influence of the earth’s hori- 
zontal field (0 36 gauss.) How many oscillations per 
minute will it make when a current of 6' 5 amperes 
runs (1) downwards* (2) upwards, in the wire ? 


t A ns. 14 ; 9-59.1. , 

A tangent galvanometer having a coil ol one 
turn of 34 centimetres radius gives a deflection of 
45 0 with a current of 10 amperes. Calculate the 
strength of the earth’s magnetic field at the centre 

A ' . V) ■ ' ;; ' ; A/A ■/■.■■■■-/- ' ... < ; A. ..■"■//..■/■My-;]. At 

of the coil. (Lond. Univ. Inter. B. Sc. 1907) 

{Ans.,0'18 (nearly)] 

Jc/The coil of a galvanometer consists of eight 
tuMis of wire, and has a mean radius of 20 centimet- 
res. Find what current will produce* a deflection 
of 45 0 if the horizontal intensity of the earth’s 
magnetic field is 0*18 C.G. S, unit. 

(Lond. Univ. Matric, 1903) 

(Ans. 0-716 ampere] 
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13 y/h tangent 'galvanometer consists of 7 turns 
of Me, each of 44 cm. diameter. A current of r8 
amjferes is allowed to flow through it. Find the 
strength of the field due to the circular current at 
its centre. If the value of H at the place is o'3 6, 
through what angle will the needle be deflected 1 

■MyV'/' [Ans 0-36; 45 °] 

14. A small magnet is suspended at the common 
centre of two concentric circular wires of 4 and 6 
decimetres diameter respectively. The same current 
is sent through the wires but in ’opposite direction. 
.Show that tan 0* : tan &>=5 : 12, Mere and 0* 
.are the deflections in the two cases. 

is/Calculate the strength of a current required 
to produce a deflection of 45° Li a tangent galvano- 
meter which consists of a single tarn of thick wire 
,nf AO cm. radius. H is given to be 0*36 gauss. 


\ iaKeir 7/ {Ans. 1 7' 1 S amp.] 

• • 16. Find the intensity of the magnetic field at 
the "centre of the coil of a tangent galvanometer 
consisting of 2o turns of wire of 44 cm. diameter, 
through which passes a current of 2 amperes. Taking 
H=0'36 gauss* calculate the reduction factor of the 
galvanometer. r , .. 

|*Ans. i 1 units; o’odj for C.G. S. units. 1 
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JI7. A circuit of total resistance irfo ohms includes* 
a gal van- meter of s ohms resistance. The galvanometer 
is shunted with 5 —*pfam coil. Find the ratio of*the 
current in the galvanometer before and after it is 
shunted* f Ans. 39 ; 20 J 


18* ' Two cells, the E M. F*s of which are 2 : r are 
joined up in series, with their E- M F*s acting in the 
same direction, and the circuit is completed through 
a tangent galvanometer, the needle of which is deflect- 
ed through 60 If one of the cells is reversed, no 
other change being made, what will be the deflection 
of the galvanometer ? (B. of £..,1896) 


* 19*' A current flows through two' tangent galvan- 
ometers in series, each, of which consists ' of a- single 
ting of copper, the radius of one ring being^ree ' 
times that of the otfa*r. In which of the galvanometers 
will the deflection of the needle be greater ? If the 
greater' deflection, be 6o°, what will the smaller be;?,/ 

/ ; £B*of E. 1897) 1 { Ans* 30° J 1 ' 2>; 

U; ^ : f ;j; v|; : ? il : 3- J: - ^v: ‘X;': U 

20. Two tangent galvanometers, A and B, are 

identical in construction, except for the number of 
turns in the coil. They are connected in series and a 
.current is sent through them. The deflection in A is 
4§ d , and that in B is 31 0 . Calculate the ratio of the 
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numbers of turfls in the two instruments. (Tangent 
3 1 ° = o'6o) [L. U.] (Ans. n a ; n b = 5 : 3). 

21. A current flowing through 3 tangent galvan- 

ometer consisting of 10 turns of wire ot radius 8 cm- 
produces a deflection of 4 5 when the instrument is 
in a position where H = O’ 18 dyne per unit pole. 
What alterations would you make in the instrument so 
that it would give this same deflection for a current 
of one thousandth of an ampere ? (L. U.) 

[ Ans. Increase number of .turns to 2292]. 

22 . A wire AB. of 0^3 ohm resistance forms 
part of a circuit through which an electric current 
flows 'in the direction from A to B. The points A and 



force at the centre of the coil due* to the current 
with that due to the earth. S and A, D. (A) 1898, 


meter of resistance 9 ohms and produces a deflection, 
of 6o°. An extra resistance of 7 ohms is tnen 
placed in the circuit and the deflection falls to 45. 0 
Calculate the resistance of the battery (Sen. Camb, 
Loc. / 

. {Ans. 0-5628 ohm] 

25 Two jjoltaic cells A and Bare connected in 
series, and form a simple circuit with a galvanometer. 
The current indicated is 2-4 amperes. The cell A 
is> then reversed so as to oppose B, and the current- 
observed is 0’6 ampere in the same direction as 
before. Calculate the ratio of the electromotive 
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. '27* A Danidl cejl conrfected to a tangent galvan- 
ometer of 0‘5 ohm resistance produces a deflection of 
60 °* m 0 n interposing a resistance of 2 ohms the deflec- 
tion falls to 3o\ What is the interrial resistance of 
the cefl ? (U. L. 1906) [Ans. 0*5 ohm]. 

* 28. A battery sends a current through a tangent 

galvanometer, a resistance box and a coil, in series. 

When a resistance of 7 ohms is taken from the box, the 
deflection is 40°. The coil is then removed and a 
resistance of 18 ohms is introduced in the box to 
produce the same deflection. Calculate the resistance 
of the coi!. {Ans, 11 ohms]. * 

29, A battery (of negligible resistance) , a tan* 
gent galvanometer, a resistance box and an unknown 
coil are all connected in series. The deflection in the 
galvanometer with 2 ohms resistance in the box is 56*. 

The unknown coil ts then removed and 20 and 

* 

10 ohms are introduced in the box when the deflec- 
tions produced are 50° and 60 0 respectively* Calculate 
the , resistance of (i) the galvanometer (2) the un- 
known cbiL 

Jtan 50° = iV9 ; tan 56° = 1*48; tan 6o° = i73|* 

[ Ans. (1) G = 12*04 ohms; p (2) 1172 ohms J* 

30, A battery, a- tangent galvanometer and a 
resistance of 4 ohms are connected in series. Toe 
deflection of the needle is 50°. On increasing the 
resistance to 6 ohms, the deflection falls to 40V 



tangent galv anometer 


Calculate the resistance of the battery* if the resistance 
of the galvanometer is given to be 0*12 ohm. 
[tan 50° = i'i9 ; tan 40 s =0 84.3 - , 

* [ A ns. o'68 ohm ]- 

31. A current from a battery is sent through 
a resistance box and a tangent galvanometer of, 
o 25 ohm resistance. With a res<stanee of 5 ° ohms, a 
deflection of 6o° is obtained When the resistance 
box is replaced by a wire of unknown resistance, 
a deflection of ;o° is obtained. Calculate the value 
of the unknown resistance. [The resistance of the 
battery — ‘ 1 ohm; tan 6o° = x'73 ; tan 30° = - 58.j 

’ [ A ns." I49'83 ohms], 

32. A battery (of negligible resistance) is 

connected with a tangent galvanometer of resistance 
200 ohms, and a wire of unknown resistance • fta 
series. A deflection of 45° is produced: »on increas- 
ing the resistance of the circuit by 50 ohms, the 
•deflection is reduced to 40*. Calculate the resistant® 
•of the wire, [tan 40 q *='84] * Lj-Ajlf 

[Ans. 62-5 ohms}. 

33. A cell of e.m.f. 1*3 volts if in series. 

.a tangent galvanometer and a resistance. The latter 

is so adjusted that a deflection of’42 0 is obtained. 
When an additional resistance of 5 ohms is introduced, ■ 
the deflection is reduced to 40°. Calculate the 
a- eduction factor of the, galvanometer. r 
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eot 40°= 1*19; cot 42 =s i’xi; tan 40 =*84; 
tan 42 0 = *90* 

fAns, 0 a 02ij- 

34. A cell is connected in series wkh a resistance 
box and a tangent galvanometer. A certain convenient 
resistance is introduced in the box when the deflection 
is 6o°. The first c HI is new replaced by a second 
when a deflection of 48° is obtained with the same resis- 
tance. Compare the E.M.F’s of the two cells. Battery 
resistances are negligible. 

tan 6o°= 1*73; tan 48°= rr 1. r 


, , 35. : Two' cells of E.M F‘s E x and E z are connec* 
tedVin series and are then used' in sending a current 
through a tangent galvanometer and a resistance 
box. A defection of 44 0 is obtained with 
a suitable resistance plugged from the box. 
The cells are then connected so as to oppose each 
other and a deflection of 30° ns obtained with the 
same resistance. Compare the E.M. F’s of the two 
cells. 

♦ 

tan 44° = o‘97; tan 30° = 0‘SS,. 

[Ans E 1 ; E 2 = 3*97 : t -1 
36. The galvanometer whose resistance is 300 ohms 
is so shunted that only 0*0 1 of the total current 
flows in it. What is the resistance of (a) the shunt, 





§HUNT 


and (b) of the galvanometer and shunt combined ? 
(Allahabad University.) . # 

. I Ans. 3*03 ohms ; 3 ohms ]. 

37. A circuit consists of a battery of resistance 
B and a galvanometer of resistance G. If the gab 
va nometer is shunted with a resistance S, how must 
the resistance in the circuit be altered to keep the 
battery current unchanged ? (U.L.) 


38. A current of & ampere passes through a tan- 
gent galvanometer whose resistance is 10*5 ohms. 
After the terminals of the galvanometer have been 
pined by a wire, the total current in the circuit 
remains unaltered but the current in the galvano- 
meter is reduced to l - ampere. If the resistance of 
20 

"t be, wire is 14 ohms per metre* what-. length 
wire has 'been ' list'd as & shuiit ? (Oxford.- 

Senior . 19c 2.} : 

| Ans. 0-083 metre 1 . 

39 . The resistance of a galvanometer is ioo 

ohms ; it is connected in circuit ' with ft 
whose E.M.F. is tS volts ; the resistance of the battery 
and wires is S ohms ; the galvanometer is shunted 
so that one-tenth of the total current passes through 
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it, ' Find the resistance of the shunt, and the cur* 
rent through the cattery. (Camb. Local. Senior, 
* 88 $, 

[*Ans* ~~ ohms ; i ampere. 1 


* 40. The galvanometer of 45 ohms resistance is* 

shunted by a shunt of 5 ohms. Bind the resistance 
of the shunted galvanometer and the current which 
flows through it when a difference of potential of 
22*5 volts is maintained between its terminals. 
(Inter. Boar* U. P. 1920). 

[ Ans. 4*s ohms; 0*5 ampere ]. 

41. A galvanometer having a resistance of 40 
ohms gives a deflection .of one scale division for „a 

current of ampere. Find the magnitude of the 

resistance required, and show how it must be con- 
nected, to change the galvanometer into ; (a) an amme- 
ter reading 1 amperl per scale division, (b) a volt- 
meter .reading £ volt per scale division, ' (B.U.) 

[ Ans. • (a) 0*04 ohm in parallel with G. 

(b) 961 ohms in series with G J 
■# 

42. The resistance between, the terminals of an 
ammeter is ohm and its range from 0 to 5 amperes. 

Determine the resistance of the shunt necessary to fit 



sh mr 


it lor the measurement of currents from 0 to 50- 

amperes. (U. L.) 'V- . ? ':y: , 

I * • 

.( Ans. —ohm.) 

43. A galvanometer connected (a) in series, ( 6 ) 
in parallel, with a resistance of 3 ohms and a battery, 
of constant electromotive force and negligible resis- 
tance, indicates currents which are in the ratio of 3 to 
4, Find the resistance of the galvanometer. 

<Camb. Local. Senior. 1898.) { Ans. 9 ohms|. 

44. A length of a potentiometer wi«» of (88 cm. 
balances the «. m. f of a cell on open circuit, and a 
length of 168 err., when the cell has a resistance 

ohms, connected between its terminals. 
Calculate the internal resistance of the cell. ' 

[ Ans. 1*428 ohms 

45. A length of a potentiometer wire of 195 cm. 
balances the e. ra. f. of a cell of internal resistaneft 
1 2 ohms when the circuit is open,- What length of 
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. ^^©ctFolysis, 

The following are the two laws of electrolysis 
•due to Faraday s — 

prf The mass of an element liberated during the 
W6ce$s of electrolysis in a cell or voltameter in a 
given time is proportional to the total quantity of 
electricity passed in that time. Thus if m denotes the 
mass of an element liberated by a current of C 
amperes -in t secogd^tken— • 

m oc Ct C z /, where a is a constant known as 
electr o»cheffeical equivale nt for that particular element. 

I Li) If the same current be passed through a. 
nmnber of cells or voltameters arranged in series the 
masses of ions liberated are proportional to their 
^‘chemical equivalents”. (Where chemical equivalent 
- at omic weig ht , 

~~ "valency 

Thus if C amperes of current be passed through 
Copper, Silver, and Water voltameters connected in c 
.series it will be found that when i gram of hydrogen 

is liberated — or 31*5 grams of copper, — or 10S 


„ 
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v vV-: ' ' ' , 

16 

grams of silver, or 8 grams of oxygen will be 

liberated ; n the voltameters. 

Electro-chemical equivalent of an element ; — 
It is equal to the mass of an element set free by 
electrolysis by a current of one ampere in one 
second i e. by one coulomb of electricity. Thus it 
follows from what has already been said that electro- 
chemical equivalent of an element is proportional to 
its chemical equivalent. 

Unit : — gms/ coulomb. 


r> 
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.Solved Examples. 

r. A metal plate having a surface of i oo sq. cm. 
is plated with silver 0 019 mm. thick. To deposit 
this silver a current of 2*5 amperes is used for iz 
minutes. Calculate the electro-chemical equivalent of 
silver. Density of silver = 10 6 gm. per c. c. 

[Inter. Board. U. P. 1933]. 

Volume of silver deposited 

•°I9 , . • 

=* 100 x — -- cubic cm. 


, = 0-19 c. c. 

Mass of silver deposited 


„s= 2*014 gms, 

But we know that 
m — C z t. 


Substituting the given values we get, 

*• 2'0I4 - 

S ~ .2*5 X 12 X 60 
== *001118 

Hence the electrochemical equivalent of silver 
=0*001118 gms/ coulomb. 



2. Find the strength of the -current which will 
deposit 2 gins, of silver in 20 minutes. [ I. B. 1931I- 

We know that 

iw = C zt. ^ 


Substituting the given values we get 


s of silver 


= 1*5 amperes. • w 

Hence the*,raquired current is i'5 amperes. 

3. A piece of metal weighing 200 grams is to be 
electroplated with 2 5 per cent of its weight by gold. 
If the current is 1 ampere, z =- '0006808 gm. per 
coulomb, how long will it take to deposit the required 
weight of gold ? [ I.B, 1927 ]. * • 

■ » f : 

Mass of gold to be depsited on the metal piece. 

200 X 2‘5 j . 

= - 7oo"~'“ - 5 S ms - A 

^ ' ' We know that m = C z t. f A ... ^ v-' ' ; , , *. : : 


Substituting the given valufs w * 


1 xo‘ooo68o8, 
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= -±~r hours. 

— 2 hrs. 2 mins. 24:3 secs. 

Hence the required time is 2 hrs, 

:24*3 secs. ■ ''T/V. y'i'WSt 

4. A constant current is passed for 
through a silver voltameter and a tange 
ometer connected in series. The weight 
deposited is found to be o' 2 gm. Deflect 
galvanometer is found to be 45 °> "Calcula 
z » *00112, [ Inter. Board U. P. 1926.I 

We know that in the case of a tangent galvan* 
-ometer kWWW; : iW ' 

C - K tan 9 . * 

&■ W-'W \ ; :4 ; 'Wt 

But m — C z U 

= K tan 8 . 2. t. 

■' * , r 

Substituting the giveu values get, 

‘ o' 2 = K. tan 45 0 x '00112x20x60. 

= K x 1 x ;oot|2 x 20 X 6 a-'. | 

: , (.Since tan 45°;=? t*):'' Wt 


mins, 


'* '00112 X 20 X 60 

U. K* 0T49. 





Hence the required value of. 

K = 0’I49 ampere. 

5 . It is found that in 1 min 40 seconds a certain- 
current deposits o‘i 12 gm. of silver, and in twice the 
time 0*08 r gm. of potassium. Given that the chemical 
equivalent of silver is 108, find that of potassium.,. 
(U. L.) 

The mass of silver deposited in double the given- 
time. 

= 2 x o’ 1 1 2. 

= 0*224 gm. » 

During the stftne time, mass of potassium deposited 
is given to be o - o8i gm. .... . , 

But we know from Faraday’s second law of elect- 
rolysis that the masses of different substances libera- 
te*d by a given current in & given time are proportional 
to their chemical equivalents. • 

m Chemical e qui valent of silver 
** e ' ~m a= Chemjcal equivalent of potassium 

0*224 108.'’ ■ : . * i! * 

0 081 ~ Chemical equivalent of potassium.* 
Hence the required chemical equivalent of pot-, 

' Ivv r;: ; . ^-'ft ‘llllll! 

108 x *081 * i 

*224*' { 
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6. 5 Cells, each of E. M. F. 2 volts and resistance 

0’04 ohm, are arranged in series, and drive a current 
•between platinum electro ies immersed in dilute sul- 
phuric acid. The resistance of the acid between the 
•electrodes is 4 ohms, and the E. M. F. of polarisation 
is i*s volts. Calculate the mass of water decomposed 
in an hour. Electro-chemical equivalent of hydrogen 
is xo— 5 gms. I coulomb. ( U. L. ) 

The effective E. M. F. of the battery 

= 2 x 5-1*5 = 8*5 volts. 

(Since the E. M. F. of polarisation or hick E.M F, 
is given to be x'5 volts.) r - 

Total resistance of the circuit. 

= 5 x 0*04 + 4. 

= 4*2 ohms. 


Let m be the mass of hydrogen liberated by this 


current. 
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, ’ 

But we know that 2 gms, of hydrogen are liberated _ 
when x8 gms. of water are decomposed. 

Hence the required mass of water decomposed , 

* 5 1 18 

= 7 00 2 : 

= C656 gms. 

7. A • current which passes through a standard 
resistance of 2 ohms also passes through a copper 
voltameter in which C85 gm. of copper is deposited in 
25 minutes, if a voltmeter of very high resistance 
connected to the ends of the standard resistance reads 
3 5 volts while, the current is flowing, what is the 
-error of the voltmeter ? 

I E. Ch. E. of copper = 0-000326.! (U. L.) : , 

’ ‘We know that m = C s t. 



Substituting the given values we get, 


* -8 5 * 

C ~ -000326 x 25 x 60 

- 1738 amperes. „ 

This is the current* passing through the voltameter 
and the standard resistance of ^ 2 ohms. Applying 

ohm’s law in the standard resistance circuit we get the 
potential difference between its terminals. 
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z. e. E = C X R. 

= 1738 x 2 

= 3*476 volts.- 

But the voltmeter reads 37 volts, 

, Hence the error in the voltmeter. 

= - C024 volt. 

8. A steady current passing for 10 minutes 
through a dilute solution of acid liberates 100 
c. c. of oxygen measured at 27°„C. and 740 mm. 
pressure. If the electro-chemical equivalent of hydro- 
gen is 0J0000104 gm. per coulomb &nd one litre of 
hydrogen at N. T, P. weighs 0089 gm., find the 
current. (U. L.) 

Let us first find out the volume of oxygen liberated, 
at N. T. P. r 


We know that 


P 0 Vo P tt V, 


•V v 0 


Px Vi T 0 

% x p<T 


Substituting the given values we get the volume of 
oxygen at N. T. P. . 


i. e. V 0 


74Q x 100 273: ■ > 37 x 91 , . - 

300 X 760 = “ 38 * * c * c * 


* litre of hydrogen at N, T. P. weighs - 0*039 gm, 

* 7 


IK 

Bfl 


■ ■ KK" ■ ■ ' ■ ; -■ - ■ ■ ■■ 




iiisiiiii 


*37 



.*. i litre of oxygen at N. T. P. will weigh ’ - 
16 x o' 089 gm. 

Hence c.c. of oxygen at N. T. P-* - 

16 x o'o 89 x 37 x 91 
will weigh. iooo""x"Ts gm ‘ 

16 x 89 x 37 x 9 1 
~ ~ 38 x 10* gm ' 

We know that the electro chemical equivalent of 
element is proportional to its chemical equivalent. 


E. Ch. E of Oxygen _ 2_ • 

Hence E 7 Ch'E.' of’ Hydrogen = 7 ' 

/. E. Ch. E. of Oxygen = 8 x E. Ch. of Hydrogen 
= 8 x *0000104 . y, TCr y'. 
= ‘0000832. 

Affair) m = 
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■ ' Exercises. 

" ' - .. 

I. A current of 075 ampere flow's between two 
plates of copper immersed in a solution of copper 
^sulphate. What changes take place in 5 mins? 

[E. Ch. E. of Hj. ='0000104.] {Inter. Board. U. P. 

- 1918]. 

[Ans. 0*074 gm.] 

tX 2 * How many amperes would deposit 10 grams 
■of copper in^ 1 hour 15 mins, the current being sup- 
posed constant ? {E. Ch. E. of Cu = ‘00033]. 

/* • 

" [Ans. 673 amperes]. 

SjQ. How many grams of copper would be deposited 
by a constant current of 6 amperes acting for 
30 mins. ? 

1 1 ' f Ans. 3*564 gms.] 

\M- What would be the strength of a constant 
•current which wcul$ liberate 100 cubic centimetres of 
hydrogen in 5 minutes ? j 1 litr e of at N. T. P. 
weighs o - o8q gm.] 

* {Ans 2 ' 8 s amperes]. 

\J 5 > If 3 amperes deposit 4 grams of silver in 
20 minutes, what is the electro-chemical equivalent 
■of silver ? (B. of E. 1899]. 

, ... ■.jAns.'O^j^l^ 



8I§ Sftj 


6* A current of i ampere Is passed tor 2 nones 
1 h rough an electrolyte and decomposes 2*4 grams. 
Find the electro-chemical equivalent fif the elect ijplyte. 
IB of E 190*5]. lAns. 0-00031. 

-t A battery of 6 Daniell ceils in series sends a 
current through a solution of silver nitrate. Find the 
amount of zinc dissolved in each cell while i gm. of 
silver is deposited. (At. wt. of silver = 10S, of 
zinc -- 65) • (^* L.). 

[Ans. 0'30 gram.] 

If the electro-chemical equivalent of silver is 
*01 n 8) what* is the electro-chemical equivalent of 
oxygen ? (B. E.) 

hvAh {Arts. 0*000828! 

' If 9 amperes deposit 10 grams of silver in 

minutes, how mdcb copper would ^ 16 amperes 

deposit in 9 minutes ? r ' fiSpp ||| if: * 

[Atomic weights : silver 108, copper 63‘J ; 
yalenples,: silver 1, oopper 2], (U pV. ,vv 

[Ans. 2*94 

j^fo. What weight of hydrogen is separated from 
water bv the passage of 1000 coulombs of electricity, 



f 
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/ii. How many amperes would liberate 500 c. c. 

hydrogen in 31 min. 4 sec., the current being 
constant ? ; ■ ' 

[ E. Ch. E. of H 2 =o'0000iO4 ; 1 litre of H 2 at 
N. T. P/Weighs 0‘o89 gm ] [Ans. 2-3 amperes] . 

r jf 

ne. If a given current can deposit an ounce of 
silver in a given time, what weight of water will 
il decompose in the same time, and what weight of 
copper will it deposit ? The atomic weights are 
h'= 1 , 0 "= 16, Cu" = 63*5 , Ag' r = 108. 

{ Matric. L. U. 1892J. 

[ Am/* 0*083 oz. of water ; 0*291 oz. of copper ]. 

Given that a coulomb will electrolyse 
9^087 xio- 5 grams of water, what Current {in 
amperes) will be required to electrolyse 0*4 gram of 
water in one Sour ? (Oxf, Local. Senior. 1908). 

/ {Ans. 1*17]. 

14/ A tangent galvanometer 'was joined in series 
with-' a , battery and a silver voltameter. The deflec- 

of the needle was 45 and in the course of an 
hour the mass of silver deposited 'was 0*1052 gram. 
Given that the electro-chemical equivalent of silver is 
o*oo r 1 18, calculate the constant of the galvanometer. 

(L- U.) [Ans. 0*026 1. J * 
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& A tangent galvanometer ha, a current passed 
through it which deflects it 45 °- The same current 
passes through a copper voltameter, - where it ' epo 
o - 3 -rm. of cflooer in 30 minutes- if the elect 
chemical equivalent of copper is o.coo 3 3 ^/am- 
pere-second, find the value of the current, and s 
how to determine the current for any other rea ir.g o 
the galvanometer. (\j . L.) 

I An sA o ' 5 05 ampere, C = K tan 0 = AoS * tan ° 5 ' 

y'lC A tangent galvanometer having a coil 12 
< r ns‘ and diameter ,8 cm, is placed ft> series with 
a copper voltameter. if the current^ flows or 
1 hour and 0*2 1 gm. of copper is deposited, t 
deflection all the time being 30*, what is the va ue 
'of the earth’s magnetic field ? . 

I E. Cfa. E of copf*r = 0*00033.! 

.,-■1 [An#. 0*257 gaussj. 

y{p A current flowing through a tangent galvaa 
Arseter .ad a coppft voltameter to senes produces * 
deflection »<6o" M* deposits 0'522 g®. ot copper n 
45 minutes. If the diameter of the coil is *8 cm. 
*' H ==*''’019 gauss, and the electro-chemicai equivalen 
of silver is 0 001118 gm. per coulomb, find the numbe 
of turns in the coil of the galvanometer, taking tto 
i atomic weight of silver as 108 and of copper 63 6. 
(L. Ue), < AnS * 8 ‘ 01 ^ 
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18, A circuit includes a silver voltameter and a 
tangent galvanometer of 20 turns of 16 cm. diameter. 
If % galvanometer shows a steady deflection of 45* 
and if 0*115 gm. of silver is deposited* in 15 minutes, 
find the strength of the earth’s horizontal magnetic 
field. 

[ Electro-chemical equivalent of silver = '001118 
gm. per coulomb J (L. U.) 

[ Ans. 0*1795 C. G. S. unit). 

19. A copper voltameter is connected in series 
with a tangent* galvanometer having 24 turns of 30 cm. 
diameter. If the deflection is 6o° a*d H = 0-36, 
calculate 'the amount of copper deposited in 30 min. 

[ E. Cb. E. of Cu. =‘00033]. 

ISIIilllStlttl I Acs. 0*368 gm.] 

f 

2dT How much electricity will be required to 
liberate a cubic-metre of dry hydrogen at 15 0 C. ? 

Assume electro-chemical equivalent of 
copper = 0*000328, atomic weights Cu = 63*1; H = 1*008, 
density of Hydrogen at N. T. P. = 9 x 10 - 5 ]. (U. L.) 

I Ans. 8*14 X 10 s coulombs]. 

2i. A copper voltameter is connected in series 
with a wire having a resistance of 2 - 6 j ohms for a 
length of 122 cm. What weight of copper will be 



deposited in half an hour if the potential gradient 
along the wire is i volt per metre ? 

[ Electrochemical equivalent of copper = 0*060329- 
gram per coulomb ]. (U. L.). 

[Ans. 0*273 gtn.J 

22, An ammeter reads 0*93 ampere and the 

weight of copper deposited in a copper voltameter in 
series with it is 1*602 gra. The current flows for 
i hr. 30 min. Find the correction to be applied to- 
the ammeter reading. * 

f E. Cb. Bof copper = 0*00033 ]. 

| Ans. -0*0311!. 

23. The volume of hydrogen liberated from a- 
water voltameter is 86c c.cm. at 68 cm. pressure an# 
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pressure ? What weight of oxygen is given off at the 
-same time ? 

The electro-chemical equivalent of hydrogen is 
0'0000i04 gm. per coulomb ; that of oxygen is S times 
as great. 

Hydrogen, at o°C and 760 mm, pressure weighs 
0-00009 gm, per c. c, ] 

( Civil Service Commission ). 

[ Ans. 0-00312 gm ; 34-67 c. c ; 0-025 gm.] 



, CHAPTER VI 

HEATING EFFECTS OF CUBBENT. 

If a quantity of electricity Q units be sent through 
a portion of circuit, at the ends of which a potential 
difference of E units is maintained, the amount of 
electrical energy expended is measured by the product 
of the quantity of electricity and the difference of 
potential i. e. QE, But the quantity of electricity Q is 
given by the product of the current and the time for 
which the curre&t flows i.e. Q=Ct, hence the work done 
for the passage of Q units of electricity is given by 

W = QE = ECt. (x) ,:jt 

* Electric power : — The rate at which work is done 
is the measure of the ‘'electric power ’ expended in 
the circuit. This is proportional to the product of*the 
Current and E. M. F. and is independent of the time 
during which the current flows. 

QE 

i.e. P » ■*—- =s E'C ...... ......... (a) 

If both C and E are expressed in C. dr. S. units the 
work is measured in ergs and the power in„ergs per 
second. If C is in amperes and E in volts, the rate at 
which the current does' work -io - 1 xio s = to* ergs 
per .second (since i ampere * io~ l C. G. S. units 
and volt «* io® C. G. S. units of E. M. F.) This 

*0 . 
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ing is called tne nowe-powcr. 

I H. P. = 746 watts. ( See Willow’s Text book 
of Physics p. 407). 

In the distribution of power by electricity another 
still larger unit for the rate of working or the electric 
power is used and is called the Kilowatt and is equal 
to xooo watts. The unit of energy consumed or the 
electrical work done is the Kilowatt* hour, which is- 
the amount of work done when a rate of working of 
I kilowatt is continued for / hour. This is also known 
as the Board of Trade Unit. Thus a (B. O. T.) = 
3*6 X to 6 Joules, 

-- The following laws relating to the generation of 
heat in a conductor due to the passage of electricity 
were established emperically by Joule : — 

The heat, developed in a circuit by a current is 
found to be 

(1) proportional to the square of the current 
strength. 


ft 


i 

mi 


■ 
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(2) ‘proportional to the resistance? and, 

(3) proportional to the time for which the 

current flows. ■/* 

i.e. Heat produced oc C z Rt. 

If E volts denote the P. D, at the ends of a resis- 
tance and C the current in amperes flowing through it' 
for t secs., the total electrical energy expended is given 
by E. C. t * 1 o 7 ergs. 

If all this electrical energy is converted to heat, 
the Heat developed in the resistance is expressed by 
the following equation : — 

rT * . E. C. t x io 7 

H (in calories) =» —y where J is the 

mechanical equivalent of heat. (J = 4*2 x io T ergs 

per second). . 

Hence, Heat in Calories , 

ECt x to 7 

~ 4‘2 X IO 7 

* : * 


‘ 4>2 E.C. t, 

* 0-24 E. C. t. 


fe* 0*24 
a 0*24 C z Rt*,»... (3) 


....(if 

..(2> (’.' C'i 

ohm’s law). 


E. 

E br 


i 4 8 numerical examples in physics 


Glass Bulb* — 

On the cap of the electric bulbs are marked figures 
which indicate the particular circuit in which they 
can be used for safety and the total, electrical energy 
consumed by each per hour. For example a bulb 
having 220 — 40 W marked on it means that the lamp 
as made for use on a 220-volt circuit and that its 
xate of consumption of power is 40 watt hours 
or (40 x 60 x 60 Joules per sec.) or (40 x 60 X 
j6o x to 7 ergs per sec). 

Efficiency* 

Efficiency of a lamp is the power consumed for 

•each candle-power of light emitted acid is expressed 

in watts per candle-power. If a 40— watt lamp gives 25 

AO 

candle-power, the efficiency is — = r6 watts per 

candle-power. 

Half-watt lamps : 

"As the name implies Half-watt lamps are those 
lamps which have a consumption of nearly o’S watt 
only per each candle-power of -light given. 

A 40 c. p. half-watt lamp means that its rate of 
consumption is 20 watts per hour. The filaments of 
such lamps is of Tungsten and is closely wound and 
the globe is , filled with nitrogen at about two-thirds 
the atmospheric pressure. The chief advantages of 
these lamps are high efficiency and longer life. The term 
half-watt has now been replaced by the ternr ‘Gas 
filled \ 






fill 
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x. A fine wire is placed in 500 grams of water in 
a light copper calorimeter, and 5 amperes are passed 
through it, an E. M. F. of 14 volts being observed 
between the ends of the wire. Calculate the rise of 
temperature in 10 minutes. {A water-gram ‘degree 
centigrade = 4*2 x to 1 ergs]. 

We know that heat produced in a conductor is 
given by * 

E. C.txttf 

H (in calories) = • j 

» (where J =4*2 * I0 T ergs). 

(>n OBe aecoQd) 

Hence the heat produced in 10 minutes 1 1 

*, H x 5 x 10 x ~ jocxxj 

; : r , 4'f' , , 1 ^ V V N,;’;.' p" 

Let the temperature of the given mass of .water be 
■ ®iped;.tbrmighv^G« 

■ 1 ■ /, 'Heat taken by water —m . xxxt . *?■ j 

-S wxt. 


■ ' 



sisal 


Hence we have 

500 t = 10000 
t — 20° C. 

2. A Daniell’s cell has an internal resistance of 
2 ohms. Compare the amounts of heat produced in 
the cell for each gram of zinc consumed in the 
battery (1) when the cell is short-circuited, (2) when 
the terminals are connected by a resistance of 2 ohms, 
(3) when they are connected by 100 ohms. (U. L) 
The amount of zinc consumed in the cel! in all 
the three cases is x gram and therefore the quantity 
of electricity (Q = Ct) flowing through the cell will 
be the same in all the cases. 

We know by Joule’s law that heat developed in 

a conductor is proportional to C 2 Rt (where R is the 
resistance of the conductor) . 

If Hj, *H 2 and H s are the heats produced (in the 
three cases and C* C 2 and C», J,he respective currents 
flowing through the battery we have, 

Ha : H 2 : H s = C^R t 2 : C 2 2 Rt 2 : C,*Rt, (where 

A!' A> i : : ' A" AAAv 'V;:. v. y;/: y---.' > A/;.. 

E represents the internal resistance of the battery) 
■xjr* Cj * C? » Cg (Smce C;jt a ^ 

== C«t* a constant) . 

E 

Now C a =— (since the external resistance 
| is zero) . 
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3. On passing a current of 1 ampere through a 
piece of platinum wire, it is found that its tempera- 
ture rises io°C. abdve that of the surrounc^ng objects, 
which are at Q» C. Assuming that the rate of loss of 
beat is proportional to the difference of temperature, 
calculate the temperature of the wire when a current 
o£ 2 amperes is passed through it. The temperature 
coefficient of the resistance of the wire may be taken 
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. Dividing (l) by (2) we get, 

L Ti <*-*> _ h ,,, 

r ? “ T S {l~k) “ 1, (3) 

: ' v . ' . ■; - : ,-f ■ v, ' 

We know that the heat produced in a conductor is 
given by C* Rt. 

Hence in the first case the heat produced per 
second in the wire is given by 


•where a is the temperature coefficient. 

Similarly in the second case we sha*l have, 

H* = (2)* R r - 4.R0 (1 + af) (5). 

The temperatures to which the wire will be raised 
in the two cases will be ofi to the rate of heat generat- 
ed (the wire being the same) , 

H, , . _(!+«*'> I*. _ J __ I °_. 

'*• H a ~ * (i+at"j T z t"~t" 

1 +~OQ4 x 10 to 


Whence /' = 45 '45 °C. 

4. What current will be required by a lamp 
marked 225V, 40W ? Find the resistance of the 
filament of such a lamp. (Inter. Board. U, P. 1932) , 
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We know that, . 

Watt - E x C . 


Hence the required current = ~ ampere, 
Resistance of the filament of the lamp 
_ — ~~ , , — mu _ t ',fit ' 6 ohms 


c. Calculate the amount of . heat produced in IO 
minutes in a 40-watt lamp. 

I Inter. Board. 1934-1 

Heat developed 

.''y ,y } :y y/y y y ,’yY : , y. ,'•■■■. ;■ y, ; \ .yy yYy.Y-..;.; ■ yyyyyytYYYYY' yY 

: ECt * io T * 

_ calories in i secs. * 


/. Heat developed^ in 10 minutes. 

40 X IO X 60 x 10^ 

■** ~ 4*2 X IO T Ca 

yY'Y yy.^ y yr^VyiyySyly-y 

(Since Ex C= 4 « and J = 4*2 * io r ergs 
per calorie.} * 

Hence the heat produced 

= 5714*3 calories. 
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6. In a hostel of 40 boys there are 48 electric 
lamps, each of, which is marked 40 watts, 220 volts. 
Alf the lamps burn on an average fpr 5 hours daily. 
"The current costs 5 annas per kilowatt-hour. What 
will be the cost of the current for a month of 30 days? 
If the cost of the current has to be paid by the 
-students, what must each contribute ? 

[ Inter. Board. 193 5*1 

Each lamp consumes 40 watt-hours. 

48 latnps will consume 40 * 4 8 watt-hours. 

40 x 48 

= kilowatt-hours. 

1000 

The lamps burn on an average for 5 hours daily. _ 
Power consumed by all - the lamps in 30 days . 


X 5 x 30 kilowatt-hours 


1000 


288 kilowatt-hours, 


The cost of 1 kilowatt-hour is 5 annas. 
Cost of 288 kilowatt-hours. 

. 288 x 5 


= Rs. 90. 

Hence the total cost of the current = Rs. 90, 
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Since there are 40 students in the hostel, each student 


will contribute 


a house Find out the resistance of the combination, 
the candle-power of each lamp is 80. Find out the 
number of units (kilowatt-hours) consumed in a 
month of thirty days, if the lamps burn for five hours 
per day, f Inter. Board. 1929]. 

The lamps being half-watt lamps ?he power 
consumed for eadb candle-power of light given =* 4 watt. 
Since each lamp is of 80 candle-power, the power 
consumed by each lamp = 4 x 80 = 40 watt-hours. 

10 lamps will consume 40 x 10 = 400 watt-hours. 

Lamps burn for 5 hours per day. * s 

, M % Total power consumed by all the lamps; in 
30 days * * 

•■■*ss 400 x 5 x 30 watt-hours 

= ^ " » X — kilowatt-hours 

1000 


= 60 kilowatt-hours. 

Power consumed by each lamp 

i, # E x C *=> 4® 
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ampere 


'•220 X II 

~ “ 2 — = i2io ohms* 

Since the lamps are connected in parallel, the 
resistance of the combination. 


r =121 ohms. 

8. A 25 candle-power incandescent lamp takes 
a current of l't amperes when the potential difference 
across its terminals is 200 volts. Find the efficiency 
of the lamp and the horse-power required to supply 
100 of these lamps in parallel. [1. H. P. = 746 
watts.J 

Number of watts consumed by the lamp 
= E x C, ' \ 

= 200 x I’l 



ISSil 
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Efficehcy of a lamp is the watts co 
candle-power of light given. Since t 
candle-power, the efficiency is 

200 x ft * „ 

= 8'8 watts per c. p 


Number of watts consumed by 1 00 such lamps, 
= 100 x {200 x ri) 


22000 , 


295 (nearly) 


The required li. P 


9. Lamps-* aggregating r ohm resistance are 
supplied through leads of 0 02 ohm from a source at 
51 volts. The voltage is subsequently raised to 255 
and the lamps replaced by high-voltage lamps 
'consuming the same total energy. Calculate the 
saving per 1000 hours at four pence pir kilofatt- 
hour. (U. L.) 


I- B + E 1+ 02 1,02 

Hence the rate of consumption of, energy in the 
lamp in 1 sec. * 


2500 watts, 



! 



mmmi 


“v'l'm’wm 
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In the second ' case when the lamps are replaced 
by high-voltage lamps of resistance aggregating x 
ohms, the current is given by, 


x + • 02 

Hence the energy consumed per second 


= Vi + *02 / x x ~ 2 SCO (energy consumed 

being the same) , 

# = 25 '97 ohms nearly. 

Hence "the difference in the rates of consumption 
of total energy in the lamps and leads 'in the two cases 


watts, 


The gain in 1000 hours 


1000 



But we know that i kilowatt-hour ^ 

= 1000 watts in x hour 

= 1000 x 60 x 6 o Joules por se 

.'.O;. v- v'\t . 

/. The gain in kilowatt-hour. 

5 [ v_g_ i x 6o x 6o x loo o 
; T 3 7 94 x 1000 x 6o x 6o 

Hence the required saving 

_ 4 X 5 1 x 51 
53 94 

= 196 d. nearly. ''■■Zl W 
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a. A current of 5 amperes flows for 3 minutes 
through a wire whose resistance is 2 ohms; given 
that 1 water-gratn -oegrea = 4'2 joules, find the amount 
of heat in water-gram-degrees, generated in the wire, 

( Oxford Local Senior. 1908 ). 

{Ans, 2143 units], 

. 2. What will be the ratio of the currents which 
will produce in t second the same, amount of heat in 
two wires of the same material and length, if the 
radius of one wire is twice that of the " other ? (B of 
E. 1902) . 

{Ans. 2 : i]. 

If a cell has an E. M F. of 1*08 volts and 
O’ 5 ohm internal resistance, and if the terminals are 
connected by two wires in parallel of 1 ohm and 
2 ohms resistance respectively, what is the current in 
each and what is the ratio of the heats devolped in 
each ? (L. U. Inter. B. Sc. 1902) . 

[Ans. 0’62, *31 (ampere). 


4. An electric battery of constant E, M. F., 
having an internal resistance of 5 ohms, is connected 

to resistance coils of 10 ohms and ao ohms respec- 

. • 4 a 1; V 



tively, arranged (i) in series (2) 'in parallel. Neg- 
lecting the resistance of the connecting wires, compare 
the amounts of heat produced in the two cases / a J in 
the whole circuit, (b) in the two coils. (B. of E ) 


5. If the heating effect in a certain resistance box 
endangers the constancy of the coils when the energy 
used in them exceeds croooi watt per ohm, find the 
limiting safe voltage applied to the box when the 
resistance l'5 ohm is being used, and also &hen 2500 
ohms resistance is being used. (L. U.) 

[ Ans. 0 015 volt ; 25 volts. ] 

6. A current of 10 amperes is sent through a 
platinum wire, the resistance of which is 2 ohms. 
Find the mechanical equivalent in ergs of the heat 
generated per second. (B. of E.) 


04 yw 
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8. A current of t ampere, flowing tor I second 
through a resistance of i ohm, produces 0-239 gram- 
centigrade units of heat. What current would have 
to flow for an hour through a resistance of 41 '84 ohms 
in order that the heat produced might suffice to 
raise a kilogram of water from o°C. to the boiling- 
point ? (B of E. 1896). 

[Ans, 1$ amperes ] 

9. It is required to generate 10 kilograms of 
steam per hour with power developed from a 1 10-volt 
circuit. What resistance should the heating coil 

in order to do this. supposing loss from radiation 


; ; 



wire and tnerem jpiouuuca wwuw p*-*- 
If the current were increased to 7 amperes, what 
number of graphs of water would it heat in x^hour to 
ioo°C ? Assume that the resistance of the wire does 
not change, and that the initial temperature of the 
water is 15 0 C. .(U. L.) 

, * [ Ans 41505^8 grams J. 

13. A lamp, the voltage between the terminals 
of which is too, is placed in a calorimeter, which is 
immersed in 400 grams of water; the water -equiv- 
lent pf the calorimeter being 40 ; the temperature is 
found to rise, .*‘5 °C per minute. Find Jhe cnrrenf in 

"the' IhtbfH; y .. • ■■ - 

■ (Camb. LocaJ Senior 1907)^ 

■■ 7 . ' : ; " : ■ { Ans. 077 ampere J.' ■ ' '■ y ; 

t 4 . Compare the amounts of heat developed in 
four arms of a balanced Wheatstone’s bridge 
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when the arms have the resistance ioo : io : 300 
ohms, respectively. (Inter. Beard. 1931 ) 


15. Calculate the amount of heat produced in 5 
minutes in a 20. Watt lamp. I Inter. Board. 1928.] 

[Ans. 1440 calories.] 

x6. Find the current required to light a 50 Watt, 
200 Volt lamp, and calculate the heat produced, 
assuming that only 10 per cent of the electrical energy 
is converted into light. (Inter. Board. 1926). 

[ Ans. i amp ; lO'S calories ] 

17, Find the cost of running 40 16 -candle- 
power lamps for 6 horns, if each lamp requires 3‘6 watts 

per candle, and if each Board of Trade unit costs 2d. 

" ;■ ■ (Ans. * 2S. 4d- nearly). 

18, Describe what arrangements you would make 
if you wanted to run a single 50— volt incandescent 
lamp off a no-volt circuit; If the lamp takes 0*5. 
^rrmprp how much power is taken from the mains, 





heating effects of current i6* 

for 6 hour, daily for 9 month,. -Tho' voltage of the 
suoply is 220 and the current costs 6 annas per 
kilowatt-hour. Find the cost of the Current as *11 
as the maximum burrent used. (Inter. Board. .930) 

| Ana. Es. 1 0935 I St’ 83 » m Pl 

20. A dynamo feeds iooo i6-candle-|X)wer 
lamps. What current must the dynamo supply, if the 
difference of potential at its terminals is 200 volts, and 
each lamp absorbs 3*6 watts per candle ? (B of E.) 

t Ans. 288 amperes, f 

21. The wires leading to a group of sevfen glow- 
lamps, arranged parallel, have resistance 1 ohm, 

.and the lamps have each resistance 70 ohms. Find 
the ratio of th; heat developed in the lamps to that 
^A,»innp.r! in the leadiner wire3. (Int. Sc. 1893.) 
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23. Twenty m'etal filament lamps, each of 32 
candle-power and taking 1*4 watts per candle, are 
installed in a house and supplied, at 250 volts. What 
is the total current taken when the lamps are all 
lighted, and the cost per hour if electricity is supplied 
at four pence per Board of Trade unit ? iC. G.) 

[Ans. 3-58 amp ; 3-58 d.] 

24. An electric light installation consists of a 

group of lamps in parallel arc between the ends of 
leads, Th£ leads have a total resistance of 0*4 ohm, 
and bring current from 60 accumulators, each with 
E. M. £, 2 volts and resistance o*oi ohm. When 
25 lamps are switched on, each takes Q’4 ampere. 
Find the resistance ot a lamp, and the watts used. * < 

[Inter. Sc. (Hons.) 1894!. 

[Ans. 275 ohms ; 44 watts per lamp,} 

25. Calculate the power # required to light 80 
incandescent lamps, if the E. M. F. required be 
65 volts, and the current required by each, be 
0*8 ampere. *If the lamps be all in parallel and the 
leads have a resistance of 0 5 ohm, calculate the 
power wasted iq them. (B. Sc. 1892). 

4 1 60 watts; \ 

2048 watts. / 
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* An electric lamp is marked, 3c W. 220 V. 
ill be the strength of the current passing 
! the filament? Find the cost of using this 
or 1 hour if the price of electric power is 


27. The lighting of a common room of a hostel 
requires 300 candle-power and the lamps supplied are 
half-watt gas filled lamps. Calculate the cost of 
lighting the room for one month if fhe lamps are 
lighted up fur*6 hours daily. The cost of ^supply is 

5 annas per kilowatt-hour. tTT T 

[Ans Rs. 8— 7 as.] 

28. A house is installed with 50 electric lamps, 
each of which is mgrked 5® watts. 220 \jplts. On an 
average the lamps burn for 6 hours daily. If the 
current costs 4 annas per kilowatt hour, find the cost 
of the current for »a fortnig it and the cost on each 



i<58 NUMERICAL EXAMPLES 


supply is no and the 
watt hour. Find the 
cost of the current. 


current costs 3 annas per kib 
maximum current used and the 


30. 80 lamps of 25 candle-power are run by s 
' d y namo - If the efficiency of the lamps is 2 watts (per 

candle-power) and they are S o volts lamps ; find the 
out put of the dynamo and the current taken by each 
lamp* 

f Ans. 4000 watts (four*unit dynamo € ); 

« 1 ampere,] f 

31. JOO candle-power gas-filled "lamp takes a 
current of 0-5 ampere when the voltage is 220. 
Calculate (i) the resistance of the hot filament (2) the 
efficiency ofthelamp( 3 ) the consumption of power 
(in watts) and (4) the cost of using the lamp for one 
hour if the charge for electric power is 6 annas per unit, 

I Ans. 440 ohms; Vi watts per c. p ; 1 ro watts ; 

*<>6 anna,] 

* 4 

32. In an Intermediate college hostel of 80 boys 
there are 96 electric lamps, each of 30 c. p. and 
efficiency r 5 . The supply is at 220 volts and the 

* Note.— The" out put of a dynamo is frequently 
expressed in mats of 1000 watts’ each : thus a four- 
unit dynamo produces 4000 watts. 
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1 

lamps burn on an average for 2.[ -hours daily. Find 
the cost of the current for a month if the current costs- 
S as. per kilowatt-hour. What has each student* to 
contribute towards the expense ? 

{ Ans, Rs. 101 — 4 as ; Re. 1-4 as-— 3 p ] 

33. Two hundred lamps each taking o‘4 5 ampere 
at a pressure of 200 rolts are run for 24 hours. Find 
the H P. of the dynamo required to run the lamps. 
Find also the cost at 2 annas per Board of Trade 
unit. : 

[ Ans. H. P= 24' 1 3 (nearly) ; Rs. 54]. 

34 The lighting installation of a college hostel 
consists of 240 incandescent lamps each having a 
, resistance of 65 ohms and requiring a p. d. of 
200 volts. Find the r^te of working in kilowatts- 
and in horse-power required to maintain them incan- 
descent. 

f Ans. 1477 Kilo-watts; i97'97 H. P.J 

35. Two circuits whose resistances are respec- 
tively 1 ohm and 10 ohms are arranged in parallel. 
Compare the amount of current passing through each 
of these circuits with that through the battery. 
Compare also the amount of heat developed in the 
same time in the two circuits. ( E ) 

[Ans. 10 : 11 ; 1 : II ; 10 : r.J 
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36. The Ef. M.-F, of a battery is 18 volts and 
■its resistance 3 ohms. The P. D. between its poles 
wb*en tiiey are joined by a wire A is 15 volts,, and 
falls to 12 volts, when A is replaced* by another wire 
B. Compare the the resistances of A and B, and the 
amounts of heat developed in them in equal times. 

(b. e.) '■ v 

f ( \) 15 ohms, (B) 6 ohms; 


Induced Current, Induced Electromotive Force* 

It was established by Faraday # that an induced 
E. M. F. is produced in a conductor which is moved 
•so that it cuts the lines of force of a magnetic 
field. It depends upon the number of lines cut per 
•second. ‘.T ^ v: 

.If a conductor moves at such a rate that It cuts one 
line of magnetic force per second, one absolute unit 
of E. M, F. is generated. 


3f N lines of force cut n conductors in t seconds 
(the conductors being connected in series and the rate 
of cutting being uniform during that time) then the 
induced E. M. F. is given by 


absolute units 





INDUCED E.M.F, 


lines cut x turns i , • 

— -pr 7 - 7~: «: VOltS. ? ' 

tune ot cutting icr 

1. Find the E. M. F. generated in a conductor * 
when cutting 400 magnetic lines in 2 minutes. 

: [ Ans. 3 J C. G. S. units]. 

2. Find the E. M. F, generated ( in volts ) 

in a conductor when cutting 6000 magnetic lines in 

,'V, : vV'O ; ."■■'v':;.:.:- 

20 StCS, 

. ;• 7 :;; ;;; ' i : ,;;0 : v ;. /. : .. • ■■ , v ; 

[ Ans. 3 microvolts.]* 

3. In what time will an E. M. F. of 4 volts will 
fee produced i n a conductor when cutting 4C0 lines. ? 

"I Ans. io~ 6 second,] 

4. A wire cuts through a magnetic field of 
strength 3000 units at a uniform speed of 1000 cm. 
per sec. Calculate *the induced 'voltage between the 
ends, if its length is 20 cm. 

[ Ar*s. 0*6 volt]. 

5. A coil of ico turns and mean diameter 50 cm. 
rotates about a vertical axis at the * rate of 20 revolu- 
tions per second at a place where H = *36 gauss. Find 
the average value of E. M. F produced. 



minute. 
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The nurabef of . lines threading the coil when its 
plane is at right angles to the magnetic meridian is 
-* r G 2 H, and these lines are cut four times during one 
revolution. Hence the average E. M. F is given by 

4 x ‘36 x it (25 ) a x 100 


e (average)* - 


20 

5657x43 absolute units, 
l 


= 5657143 x ~ volt 
= ‘0566 volt. 

6. A copper disc having a diameter of 40 cm. is 
rotated about a horizontal axis perpendicular to the 
disc and parallel to the magnetic meridian. Two 
brushes make contact with the disc, one at the centre 
and the olher at the edge. If the value of the horizon 
tal component of the earth's field is o'2 C. G. S., find 
the potential difference in volts between the two 
brushes when the disc makes 3000 revolutions per 
(B. of E. *906). f 

I Ans. 12-57 x to- 5 volt]. 

7. A copper disc of 10 cm. radius spins on is 
axis (perpendicular to its plane) 3000 times a minute 
in the earth’s horizontal field of force : find the 
E. M. F. between centre and circumference of disc. 
(H =0*18). (Vipt. B. Sc. 1,890) . 

(Ans, 2827 C. G. S. units]. 
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8. A wire in the form of a circle io cm- in 
diameter is spinning about a diameter as axis (which 
is placed vertically) at the rate of io .revolutions per 
second in the earth’s magnetic field (H=0‘i8). 
Calculate the maximum- E, M. F. generated during 
a revolution. (Viet. B. Sc 1894). 

[Ans. 565-5 C, G. S. units 01 5*655 x io~ 6 volt]. 

9. Two horizontal rods are placed parallel and 
at a distance of x metre apart. A third rod slides 
over them parallel to itself with an uniform velocity 
of 10 metres per second. Find in volts the E, M. F. 
between the ends of the fixed rods, assuming the 
earth's vertical magnetic force to be 0*47 ,C. G. S, 
units. (Camb* School 1891 ) 

[Ans* 0*00047 volt.] 

10. A coil of wire consisting of 50 turns in the 
form of a circle 30 cm* in diameter rotate^ 20 times 
per sec. about a vertical axis. Find the average 
value in volts of the E. M. F. produced if the earth’s 
horizontal magnetic force be o' 18 C. G. S. units. 
Explain how you obtain the result ? (Int, Sc. (Hons) 
1889.) 

[Ans. 0-02036 volt ] 





ML. 
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CHAPTER VII 


SOUND. 


Velocity of Sound, It was proved by Newton that 
the velocity of Sound in any medium is given by the 


expression V = ^ ~~ where E is the coefficient of 

elasticity and D — the density of the medium. The velo- 
city of sound as calculated by this formula does not agree- 
with the observed value. This discrepancy between 
these two values remained unexplained until: 
Laplace pointed out, that the compressions produced 
by a sound.* wave in any gas, take place so rapidly 
that there is no time for the heat to escape from 
the portion of gas in which it is produced, and 
so the adiabatic* elasticity -must be taken in 
calculating the velocity. Applying this correction 
known as Laplace’s correction we have, 


Where 7 ( = -gry is the ratio between the sped- 
fic heat of air at constant pressure and its specific 



SOUND 


It can be shown that the elasticity of a perfect gas 
is equal to its pressure provided that its temperture 
remains constant during the compression. Then the 

iw 

above formula becomes V = ^ — - 

The velocity of sound in air at t ° C is given by 


and t is the temperature in 


centigrade. 

Substituting the value of a we get. 


i e . the ratio of the velocities of sound in t 
gas at two different temperatures *is proporl 
the square roots of the absolute temperatures 


= V q (i + Jaz) (by the Binomial The- 
orem, higher powers of ett have been neglected as 
their product is small.) 
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= 332 + ‘6 t 

(by substituting V c = 332, and a, 

Velocities in different gasses. 

Again if V tt and V a are the velocities of sound at 
the same temperature in two different gases which 
have the same number of atoms to the molecule and 
therefore the same value of 7, we shall have 

V, 


Where d* and d e are the respective densities, 

= <7 t . 

i.e. the velocities are inversely as the square roots 
of the densities* 

Vibration in pipes and resonance tabes ; — 

It can be proved that v •=? n X, where v is the 
velocity, X~~ the wave length of the note, and n- the 
number of vibrations per second. 

Note The equation (2) is to be used when the 
difference of temperature is small and approximate 
value is required. In all other cases the equation 
{1) has to be used*] 




SOUIJD 


m 


I 


In the case of a closed pipe which is sounding the 
fundamental note, the open end is an antinode and the 
closed one is the next node and hence i = 4 /, where 
i is the length of the pipe* 


Hence v = n X 4 L 


In the case of an open pipe both the open ends are 
antinodes with a node in the middle and hence 
X = 2 l and v = n x 2/ 


If a vibrating tuning fork be held at the mouth of an 
open tube (immersed in a glass cylinder full of water) 
which is slowly jaised, it is found that at a point a 
reinforcement of the sound is heard. At this pbint the 
period of the air column is just the same as that of the 
, fork and v = n X .==■ 4 n ( / + *6 r) where / is the 
lengthof the tube (the length of first resonance) and 
r is the internal radius of the tube. The quantity *6 r is 
•called the End-correction. 

In order to determine end-correction find the 
lengths of the first two 1 * resonance columns and cal- 
culate by the formula : — 

I 2 — 3^1 • ' * ' : r ' i *, 


End-correction 


^ Vibration In a Wretched string ; — * 

It can be proved that a sound-wave travels along a 
stretched wire or string with a velocity 







8 1 1 


m 

111 
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V= / —where T is the stretching force and m 
'y m 

is the mass of the wire per unit of length. 

Also V = n \ where X is the wave length of the 
note and «-the number of vibrations per second. 

When a string is sounding its fundamental note 

x 

then l — the length = — and 

v V i_ /~T~ 

n ~ ~x = 2 / T 2/ V m . 

{If / is measured in cm. then T is in dynes and m 
is in grams) . 

(This is the case of transverse vibration of 
lastring). ■.'AA) Afef) 

Doppler’s principle , 

It was first pointed out by Doppler that the- 
frequency of a note is apparently changed if the 
distance between the observer and the source- 
remitting the note) changes. t 

' If V is the velocity of sound in air and b and c the 
respective velocities of the source and the observer 
(both moving in the same direction) then the apparent 
frequency of the note emitted by the source is given 

, (V T-f) vvhen n represents the actual frequency 

u i (V -b) 

of the note emitted. 

See Willow’s Text book of physics p.p. 271 272.. 



If the motion of either the source or the observer 
is reversed the sign of the corresponding quantity 
must be changed in the above expression. If Oind 
is also blowing with a velocity w in the same direction 
then the apparent frequency becomes 

n ( V — c + to ) 

( V-i + ai) ' 



must have, 

V t (4“0 = s- Igt 2 . 
or (4*0 34040 * i X 980 / 2 


1. A stone Is dropped into a well and 4 seconds 
afterwards the sound of Its striking the water is heard. 
If the temp, of air in the well is i4°C, find the depth 
■of the well* 

We know that V t = V*> + ’6 t 

b. 332 +, *6 x 14 
= 332 + 8*4 — 340*4 metres 
r ’ per sec. 

Let t be the time that the stone takes to reach 
the surface of water in the well. 

. " Then s { the depth of the f well ) = ut + i g t 2 - 
* '■ . : , ; ~ o 4* $ gt 2 

(since the stone starts from rest) 

On the other fiand the time f taken by the sound to 
reach the man will be "(4— t) secs. Hence the distance 
traversed by the sound during this interval 


*80 


; :'V -v..- ; 
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Solved Problems. 


% 


f SOUND 

or 490 i 3 + 340404— 1^6160 = O 

or 49 t l + 3404 13616 =0 

From which we get t = 37 seconds. 

Hence the required depth = (4 — 3 * 7 ) X 34°’4 

= I02‘I2 metres. 

2. A bullet is fired from a rifle with a velocity of 
500 metres per second and is heard to strike a target 
5 seconds afterwards. Find the distance of the target 
from the marksman, the temperature of air being i4 c ’C. 

v t -v 0 +.- 6 , ■ , 

- 343 + ‘6 X 14 = 332 + 8'4 = 340-4 

metres per sec. 

Suppose d metres be the required distance. 

„ , Then the time taken for the bullet to reach the 

target . ■ V 4 H ?f:;p 

v-y 4 S' a y'-yy'y'. : ,'ry % 

= secs. 

500 

Also the time taken for the sound to travel from 
the target to the marksman • . 

" T*k secs - 

By the question we must have 
d_ d 

500 ” r . 340'4 ” 5 ' 

Whence d = 202*52 x 5 = 1012*6 metres. 


Sflf - yyW 
' ... 


. ■ ; ,;-v ' 

■ V . .-4 

' ' jj 



4. A vibrating tuning fork is held over the mouth 
of a tall glass jar into which water is gradually 

poured. It is found that when the length of the air 


182 NUMERICAL EXAMPLES IN PllYSICS 

3. Calculate the'velocity of sound in hydrogen 
at io"G from the following data: — 

1 litre of hydrogen = o'oS99 grapi and 1 litre of 
air «=* L293 gms. Velocity of sound in air at o°C 
= 332 metres per sec. 

We know that. 


Vhydrogen 

V air 


/ Densi ty of air 
Density of hydrogen 


V. 


h 2 . 


33 * 


/ f 293 
\/ 0*0899 


• V =s 

•• v h 2 

332 X 379 = 

sec. at o°C. 

Again we have 

v,« 

/ 1 

v« 

= ✓■+ ^ ;° 


_ / 2§ 3 

** 273 


. v. X J*>- 
* V 273 


, =1260 /^L. 

V 273 

A V IO 

== 1283 metres per 


per 





SOUND 


the maximum reinforcement 
vibration nunc 


column. i§ 32’4 cra 
sound is produced. Find th 
the fork. ■ A:i 

We know that” V = n X = 4 » 1 where 1 cm> is th ° 
length of the first resonance. 

By the question we have 33200 = 4 # x 3 2 4 
n = 33200 / (4 x 3 2 " 4 ) = 2 5 ^’ 2 - 

5. The frequency of the note given by an organ 
pipe is 3 c 2 at tS Q C. At what temperature will the 
frequency be 320, .supposing the pipe to^remain con 
stant in length ? [ Inter. Board. 1930]. 

Since the length of the pipe is constant thi 
wave-leneth remains unchanged. 


From the question we 


Similarly we shall have at t ° C (the required tern 
perature) 
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v :; :W:4,. Y, : ■' Y. Y'YY 

By dividing, the equation (2) by (1) we get 

1 * 13 + * ]h / 273 \j_ 320 X 

4 273 J A V 73 + i S / 3T2I 

or ( m ± t \k 40 
'273 + iy 39 

or 273 + * _ 4 C x 40 

2S8 39 x 39 

40 X 40 288 

•• 39^19 X 7 " “ 273 * /: Y. 

= 302-96 - 273 
= 29-96° C. 

6. A stretched string- 3 ft. long vibrates 320 times 
a second. Wbat will be the rate of vibration if the 
string is shortened hy 4 inches ? 

(Inter, Board, 1935.) * 
We knew that the frequency is given by 


F rom the question we have 


where n x is the required frequency 



SOtPND 


Dividing equation (2} by (1) 'Y e g et 
n, t l~T~ . 2 x 3 


100 2 x 5C>\/ m 

In the second case we shall have 

= _L_ /T T 

Wl 2 X 30 \/ w 

where n x is the required frequency. 

Dividing equation (2) by (t) we get 

7Tt 2 X SO 
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ICCO 


requency is 333-3 vibrations 


are the required lengths, w© 



1 


SOUND 



But we have by the question 


Hence the required 


g. Calculate the velocity of sound 
which two waves of lengths i and t'Oi m< 
10 beats in three seconds. (U. L. 19c 

Let «i and « 2 . be the frequencies in tl 

But we know that V = tt %■ 

in the two cases we shall have 


From (1) and (2) we have 
% x r =* « 2 x Udl. 

The difference in frequencies is 
number of beats per sec. 
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Hence vve have, ■ 
io 

= — (4) 

From the equations (3) and (4) we get 

* t 1- tst] 


10 1*01 

«i = — x - — 

3 oi 


Hence from the equation (1) velocity is given by 

i'Ot 

v = 3 * * 1 

IS 10 

3 ~ 

=» 336*6 

Thus the required velocity is 33 67 metres pes 
second. 

10.. A column of air and a tuning fork product 4 
beats per second when sounded together, the fork 
giving the lower note and the temperature of the air 
being 15°. When the temperature has fallen to io° 
the two produce three beats per second. Find the 
frequency of the fork. (U. L. 1908). 



Let N be the frequency of the fork* and th and n 2 
those of the organ pipe at 15 0 and io° respectively. 
We have by the question. ' * 


(By dividendo) 


We also knew that V = n'k 


and % = — ( X being constan 
X 

length of the pipe is constant) 

. n ± ~ V J5 V’ov/i +a/^ ’ 

“ n 2 Vl ° 'VoW+o^ 


since 


-*SL 
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By applying dividendo we get 


S61—556 


«S »2 556 

By dividing (1) by (2) we get 


— N 5 15 

But « s — N = 3 (given by the question) 

556 556 

• • «! = 3 x ~~ = = m'2 

Hence N = « 2 — 3 = 111*2, - 3 = 108*2. 

xi. Two organ pipes give 6 beats per sec. 
when sounded together in air at a temperature of 
xo 3 C, How many beats will they give when the 
temperature rises to 24°C ? Velocity at o°C ds- 
10S8 ft. per sec. [Inter. Board. 1932]. 

Let th'e lengths of the two pipes be / a and 4 ft. 
respectively. 

Change in temperature wiH not bring about any 
Change in the lengths of the pipes and consequently 
the wave length will remain unaltered. 

We know that V = x x. • 

In the first’ case we shall have 

Vao — A. 3. where n x is the frequency of the first 
pipe at io°C. 


1 


1 



SOUND 


In an organ pipe (open at 
where l is the length of ’.he pipe. 
Hence we shall have 


Similarly we shall have in the second case 


where n, is *he frequency of the 
at io°C. j, 

(i) and (2) we get 


From equations 


But by the question n x 

(the number of beats is 
frequencies at io°C) . 


,the frequencies 


Similarly, if «s anc 
of the pipes at 24"'C., 

we shall have 
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By dividing'(4) -by (3) we get 


( by putting a 


But -Hi— number of beats at 24 °C, 

; : > Hbnce the required number of beats at 2 4°C 
= ’ 6 - i5. 

12 The specific gravities of oxygen and nitro- 
gen gases are t6 : 14. At what temperature will the 
velocity of propogation of sound through oxygen be 
the same as that through nitrogen 'at l$ 9 C l (U. L. 




soOnd 


Let i^C be the required tempejratufe. 

The velocity of sound in oxygen at 2 °C is given by 

v t “ V o VT+W ' (I) 

where V is the velocity of sound in oxygen 


Similarly in the case of nitrogen gas vve shall 


where V 


in nitrogen 


Dividing the^equation (i) by (2) we get 


V„ v » 

But by the question we have 


Hence V q \/i-ba£ = V a Vi 

9 y 

Again we know that 

V oxygen _ / 14 

Vnitrogen 1 6 

Hence the equation (3) becomes 

It 4_ V t + 15a 
^ 16 Vi+ai 


13 
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14 

x6 1 + 3/ 

""or 7 + 7«t = S + i20flt. 

Putting the value of 3 = — we get 
t=z 56 • I°C. 

13. If the velocity of sound in air at o°C. is- 
332 metres per second, find the shortest length of a 
tube, open at both ends, that will be thrown into 
resonant vibration by a fork whose frequency is 256 
■when the temperature of the air is 3i°C. fU. L. 1909V 

We know that . 




V. = V v/i+at 

t O 


V — * 33 2 


3320 +++■) 


273 

,324+ 

33 2 (^i) 

! 361*6 metres per sec. 


Again we know that 
V = nX 



n 


36f6 

256 
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We know that when an open ’ tube gives its fun- 
damental note the length of the tube = — . ? 


Hence the required length of the tube 


3 6 1 *6 
256 


IT3 

— metres 
16 


_ Tf 30 % 

— — cm. ’ ^ 

16 

= 70*6 cm. * 

14. Two locomotives travelling at the rate of 30 
'miles per hour approach each other when one sounds 
its whistle emitting 1000 waves per second. What will 
be the apparent frequency of the whistle to ah observer 
m the other locomotive (i)bef ore the locomotives meet 
(2) after they have crossed each other ? Find also- 
the apparent frequencies to a stationary observer near 
the line. (Velocity of sound = 1100 ft. per sec) * 

XiXX O’- V-'Oi. v-:^ 7 O **,'XXr'.i ' ^XX'X'y'X^ X"' 

30 miles per hour *= 44 ft. per sec. 

The whistle is moving with a velocity of 44 feet 
per sec. and it emits iooo waves per second. These* 
waves on account of the motion of the source will be 
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contained in a length =(1100—44) ft. and hence their 

iioq -44 , 

apparent wave length = I000 ' n - 

The observer is approaching the whistle with a 
velocity of 44 ft. per sec. and hence the length of the 
block of waves passing the observer is (1100+ 44) ft. 
-per sec. This gives the apparent velocity of sound. 

But we know that 

apparent v elocity 

apparent frequency = apparent wave length 

Thus the apparent frequency 

v . (t 100 ~44 ) 

= (ixoo 4 44) v IOCO 

_ 1144 X 1000 
" 1056 

= 10833. 

(2) After they have crossed, the source and the 
observer both are receding from each other. Hence 
the apparent frequency is giver? by 
(1100 + 44) 

{1100 — 4,4) • 1000 

1056 X 1000 
X144 

= 9231* 

When the locomotive is approaching the stationary 
observer near the line, 1000 waves will be contained 


1 
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in a length (1100-44) ft. and, henCe the apparent 
uoo - 44 

wave length = ^ DO - , ^ 

Hence the apparent frequency 
(uoo -44) 


= lico - 

1100 x xooo 


1000 


1056 

e* 

= 104 1 ' 6 . 

When the locomotive is receding from the station- 
ary observer, the waves will be contained in a length 
(1 xoo + 44) ft* 

The apparent frequency therefore becomes’ 
uoo + 44 


=S 1100 -r 
- ^I'S- 


1000 





IS 
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Exercises. 

[ Note The velocity of sound in air at o°C, is 
,332 metres per second unless otherwise mentioned.} 

x. If a bell is struck immediately at the level of 
the sea and its sound, reflected from the bottom, is 
rd 3 seconds after, what is the depth of the sea ? 

[ Take velocity of sound in sea-water = 4714 ft. 
sec], " 

#■ 

(Allahabad University). [ Ans. 7071 feet ] 

2. A bell is struck near the bottom of a sea. Its 
sound reflected from the bottom is heard 3 secs, later. <• 

f the depth be 4290 metres and if the density of sea-, 
■water be in, find out the elasticity of the sea-water. 

[ Ans. 2 25 x xo 10 ]. 

3. At what distance is an observer from an echo 
which repeats a sound 1 after 3 seconds, the temperature 

air' being io°C ? (Patna University) 

[ Ans. 507 metres ]. 

4. The report of a cannon is heard 15 seconds 
If the temperature of the air is 


metres ] 
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* * 

s . A stone is dropped into , a Wfell and is heard 
to strike the water 4 seconds afterwards. Find the 
depth of the well, given the temperature of the ait; m 

the well to be 3 6VC. [ g = 9 So cm/sec 2 ] 

[ Ans. 70 '68 metres ]. 

6. A person drops a stone in a well 144 dee P 
and hears the sound of the splash at the top. If the 
velocity of sound in air at that temperature is given to 
be 1120 ft. per sec., find the interval between the two 

actions, (*- 3 > «>/«*’■' l A “- 3-»9*ec ; l. 

7. A bullet is fired from a rifle with a velocity ot 

414 metres and is heard to strike a target 4 seconds 

afterwards. Required the distance of the target from 
the marksman, the temperature being assumed to be 
zero. (Allahabad University.) 

[ Ans. 737 metres.] 

8. A stone is thrown into a well . with a velocity 
of 12 metres and is heard to strike the water 4 
seconds afterwards. Find the depth of the well. 

(Allahabad University.) [ Ans. , about no metres]. 

9 Between, a flash of lightning and the moment 
at which the corresponding thunder is. first heard, the 
interval is the same as that between two beats qf the 
pulse. Knowing that the pulse maljes 80 beats m a 
minute and assuming, the. temperature of the air to be 
i5°C, what is the distance of the discharge l 

[Allahabad University). [Ans. 25S'7S metres]. 
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10. A person stands 150 ft. on one side of the line 
of fire of a rifle range 450 ft. in length and at right 
angles to a point 150 ft. in front of the target. What 
is the mean velocity of the ballet if the person hears 
it strike the target | of a second later than the report 
of the gun ? The temperature is assumed to be 
16*5 °C. Velocity of sound at o*C = 1 100 ft. per sec. 
(Allahabad University.) 

(Ans. 2046 ft.J 

11. An echo repeats five syllables, each of which 
requires a quarter of a second to pronounce, and 
half a second elapses between the time the last syll- 
is heard and the first syllable is repeated. What 
is the distance of the echo, the temperature of the air 
being io°C? (Allahabad University.) 

[Ans 29575 metres]. 

12. A ipan standing between two parallel cliffs 
fires a rifle. He hears one echo after 14 seconds, 
me after seconds, and one after 4 seconds. 
Explain how these echoes reach him and calculate the 
distance apart of the two cliffs. The velocity of sound 

under the given conditions is 1120 ft. per second. 
(L. U.) 

Ans. 2240 feet) . 

.two parallel cliffs 
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» 

will he hear the echoes of the clap ? The velocity 
of sound = 1120 ft. per second. (B A. 1926) 

’ Jahs. second. J 

14. A soldier running towards a cliff, with a 
uniform velocity of 4 metres per second, fires a gun 
at a distance of 2*49 kilometres from the cliff. When 
and where will he hear the echo ? (Velocity of sound- 
in air = 332 metres per sec.) (I. Sc. 1923) 

f 23 5 

J^Ans. After 14^ sec; 2430- metres a 

« . from the cliff.) 

15. Immediately in front of you is a ship at sea 
Bring at a target, and behind you a distant hill. T 
reports of each discharge are heard, one three seconds- 
after the other; account for this, and calculate the 
distance of the hill from where you are stationed. 

[Velocity of sound in air, 1100 ft. per second}. 

'€. S. C.) <*: w'v' 

V'/v'l Ans. 16 

16. An egine is approaching a tunpel surmounted 
by a cliff, and emits-a short whistle when half a mile 
away. The echo reaches the engine lifter 4 k seconds 
Calculate the sDeed of the engine, assuming the 




f 
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17. A steamer /whistles while approaching a cliff 
and the echo is heard after an inteival of 8 seconds. 
ShS’ again whistles after 5 minutes and the interval 
is found to be 6 seconds. How fast is the steamer 
going and how far is she now from the cliff ? 

' {Ans. 375 ft. per sec ; 4495 ft.] 

iS. A man stationed between two parallel cliffs 
fires a gun. He hears the first echo after 2 seconds 
and the next after 5 secs. What is his position 
between the cliffs, and when will he hear the third 
echo? (Allahabad- University igig), 

[Ans. X120 ft. from one cliff and 2860 ft. from the 
other cliff ; 7 secs ] 

19- A man walks from a high wall striking a 
board with a hammer once every second. How far ' 
must he go from the wall before he hears the echo of' 
■one stroke simultaneously with the next stroke. 

[Oxf. Prelim, and C. (3) 08] 


.[Ans. 


■ 0 *-' 

166+ — metres whe'fe x 


speed of the 


nian in metres per sec ] 

20. Bind the temperature at which the velocity of 
sound in air is 360 metres per second. ]Ans. 4 8°C], 

21. What must be the temperature of air in order 
that sound may travel in it with the same velocity as • 
an hydrogen at o°C ? Density of H a at N.T P. 


VELOgiTY 
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-='0899 gms/Htre ; density of air at N'T. P. 

= 1*29 gms/ litre. (Patna University) 

* [Ans. 3640°C] f 

22. What must be the temperature of air in order 
that the velocity of sound may be the same as in 
carbonic acid gas at o°C ? Velocity of sound in CO s 
gas at o°C = 2*573 x 10 4 cm/sec. 

(Patna University) [Ans* — I09°CI. 

23. If the velocity of sound in nitrogen is 
1 1 10 ft* per second, what would be the velocity in 
hydrogen at the same temperature ? Density of 
nitrogen : density of hydrogen — 14:1. 

- * (Army 1903) 

[ Ans. 1110 x V14 or 4*53*62 ft/secj 

24. Find the temperature at which the velocity 
of sound in air is trible the velocity of sound at o°C. 

(Ans. ^457 absolute\or 2184 °C,] 

25. If sound travels with a velocity of. 5200 
metres per sec. in steel and if the density of steel 
is 77, find out Young's modulus for steel 

[Ans. 2*0^2 X io 12 J. 

26. It was found by an experiment that sound 
travelled In water with a velocity of 1439 metres per 


c 

204 NUMERICAL EXAMPLES IN PHYSICS 

sec. at iS*i°C. Find out the elasticity of water 
from these data., 

{Ans. 2*07 x io 1£ T 

2 y. A signal-gun Is fired at a distance of 2000 
# metres off and an observer sets his watch by its 
sound. If the temperature be i$ 0 C> hnd to a hundredth 
of a second, the error due to distance. 

[Ans 5*87 secs.] 

28. An observer sets his watch, by the sound of a 
signal -gun fiured at a distant cliff. He ^finds that his 
watch is 5 secs. slow. Find the distance of the 
observer* from the cliff if the velocity of sound is 
1 100 ft. per second. 

[Ans 5500 ft.] 

29. Kendall in a North-pole Expedition, found 
that the velocity of sound at— 40°C was 314 metres 
How closely does this agree with that calculated from 
the value we have assumed for o 0 *b ? (Patna Univ.) 

[Ans. 7"3 metres too much]. 

30. Calculate the velocity of sdund at o°C, having 
given the following data : — 


Height of barometer, 760 mm; density of mercury, 
13*6 grams per c,c ; ratio of specific heats 1*41; 
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mass of -I litre of dr, air at o*C, h* ftams; accelera- 

tion due to gravity, 981 cm. per sfec per sec. 

[ _S. K. 1894]. 

V = VjkJgpD where h is the barometric hefght 

and d, the density of mercury. 

Substituting the given values we get 

— t,. 6 x 9 8x/-coi29 

V = VV41 x 76 x 130 y 

“ 3 3 r 9 CaTcX r .hTveloci,v of sound in hydrogen 
at _,oo»C. Given that at o”C and ,S cms.of mercury 
x 1*4 litres of hydrogen weigh 1 gram. 

[Inter. Sc. 18^2.] 

[ Ans. roi * iq5 cm ' P er r sec, l 
32. Calculate the velocity of sound m water at 
• 4 0 C when its coefficient of elasticity at this temperatu 

'is given to be 2'x * ‘® l0> 

l Ans. 1449°° cm/sec l* 

3 , Find the velocity of sound in steel if Young’s 
modulus of stee! - * a to- dynes per sq. cm. and .£ 
the density of steel is 7*7 g ms - P er cx - 

[Ans. 5096 metres per sec. 1 . 

34 Find the velocity of sound in iron if Young s 
modulus of iron = x 3 '8 x poundals per sq ft. 

and if 1 cubic foot of iron weighs 480 lbs. 

f Ans. T7000 ft per sec.]. 
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3 > L t-he movable disc of a siren is perforated 
by is holes and makes 6 do revolutions per minute, 
find the pitch and wave length of the note emitted, 
assuming the velocity of sound to be =340 metres per 
second (Army 1904), 

[Ans. 150 ; 2-27 metres]. 

36. A siren having a ring of 200 holes is mak- 
ing 132 revolutions a minute, and it is found to emit 
a note which is an octave lower than that of a given 
tuning-fork. Find the frequnecy of the latter 
(L. U.) 

[Ans. 88c.] 

37. If a tuning fork of frequency 256 is sounded 
in air in which the velocity of sound is 340 metres pet- 
second, what is the wave length of the note- 
produced by the fork ? (Army -1902). 

[Ans. 132-81 cm.] 

38. A glass rod is clamped at the middle and is- 
rubbed with a wet flannel. If th* length of the rod 
is 30 cm. long and if the frequency of the note "pro- 
ouced is 7000, find the velocity of sound in glass. 

[Ans. 4'2 x ip 5 cm. per sec,] 

39 - Water is'compressed by ~ per unit 
volume by the pressure of a column of itself, 
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centimetres high. How is this ascertained ? 
from it the velocity of sound m water. 

(Edinb. M. A. 1890). • . 

* [Ans, 1 '4 59 * l ° S cm - P er sec '^ 

4 o A wire is stretched by a weight of 20- 
kilograms and 50 cm of it gives out a c«tatn no^ # 
x-5 metres of the wire is found to weigh ; 874 o * 
Find the pitch of the note emitted by the wire. 

[ Ans. 32° ]■ 

41. A wire of length 140 cm. and mass 52 grams, 
is stretched by means of a load of 16 kilograms. 
Calculate the frequency of the fundamental vi ra ion, 
g = 981 cm. per sec. per sec. (L, U.) , 

[ Ans. ’ 23*26 ]. 

' * 42. A copper wire (density 8*8 grams per c.c.) 

one metre long and 1*8 mm. in diameter is stretched 
by a weight of 20 kilograms. Calculate to frequency 
of the fundamental note. 

[ Inter. Begird. 1920: C s U. 19 22 1 * 7 

J Ans. 467 vibrations per sec. J 
43. A string gives ■ out a note vjhose frequency 
is 512. If the weight by which it is stretched is 
10 lbs, find the weight required to-produce the note 
whose frequency is 384. 

[ Ans. 5*625 lbs ]. 
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44. The string of a certain monochord' vibrates 

100 times a second. Its length Is doubled and Its 
tension altered until it makes 150 vibrations a 
second. What is the relation of the new tension to 
the original ? (C. U. 1924.) 

{Ans 9 : 1] 

45. Two wires, equal in length, and made of the 
•same material, are subjected ’ to tensions in the pro- 
portion 1 : 3, the one under the greater tension being 
the thicker. The thinner wire emits a fundamental note 
of double the frequency of the other. Compare the 
diameters o* the wires, supposing them to be circular 
in cross-section. • (L. U.) 

I Ans. 1 : 2^3 1 

46. A brass wire 1 metre in length is stretched 
by a weight of 2 kilograms and a silver wire of the # 
same diameter but 3 '165 metres in length, give the 
same number of vibrations. What is the stretching 
weight in the latter case r (Allahabad University). 

{ Density of brass = 8'4 grams per c. c. T 
Density of silver = io'5 grams per c. c*J 

[ Ans. T = 25 kilograms J. 

47. The density of iron being 7*8 and that of 
copper 8*8, what must be the thickness of wires of 
these materials of the same length and equally 
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stretched, so that they may give the same note. 

(Allahabad! University). 

[Ans. — = 1*062 where r x and r % . are the radii.] 

1 r 2 •* 

48. Find thb time of the slowest vibrations of a 

pianoforte wire weighing 0*002 of a pound per foot, 
stretched between two points 5 feet apart, with a 
tension of 100 lbs. weight ? ] Edinb. M. A. 1S90,] 

[ Ans. 0*007905 sec ]. 

49. A wire one metre in length is stretched so 
that it vibrates 80 times per second. If it weighs 
160 grams find the’ stretching force in dynes. 

- [ Ans. 4*096 x 10 s dynes ]. 

50. A brass and a silver wire of the same 
diameter are stretched by the weights of 2 and 

* 2'$ kilograms respectively and produce the same note. 
What are their lengths? the density of brass being 
S'39 and of silver 10*47? (Allahabad University) . 

| Ans. The length of the silver wire is 3*165 
m times th^t of the brass.] 

51. The diametres of two wires of the ^aihe 
length and material are 0*0015 and 00038 mm. and 
their stretching weights 400 and 1600 grams respec- 
tively. Required the ratio of the rjumbers of their 
vibrations. (Patna University) . 

[Ans. % : » 2 =i*267) . 
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52. A bra*s wire, density 8 5, radius o'os cm. Is- 
stretched between two clamps 90 cm. apart while 
subjected to an extension of 0*05 cm. per metre.. 
Find the pitch of the lowest note due to transversal 
vibrations, assuming Young’s modulus for the wire to 
be 9'8 x io 11 dynes per cm. 2 . (Madras University). 

[Ans. 42 - 2.J 

53. A wire 50 cm. long and of mass 6*5 gms. is- 
stretched so that it makes eighty vibrations per sec. 
Find the stretching force. (Inter. Board. 1925I* 

[Ans. 8 ’49 kilograms.] 

54. If a string is sounding a giveq note, in what 
ratio must the tension be increased to alter the fre- 
quency in the ratio 5:2? How much would the 
string have to be shortened to make the same change, 
■without altering the tension (L. U.) 

[Ans. 25:4; 2:5-] 

55. A stretched wire under tension of x kilogram- 
weight Is in unison with a tuning fork of frequency 
320. What alteration in the tension would make it 
vibrate in unison with a fork of frequency 256 ? 

[Inter. Board. 1929,] 

[Ans — — Kilogram.] 


25 


56. A sonometer string is stretched with a force- 
200 grams ofweight. (a) The force is increased to- 
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800 grams, (b) The length of the string halved. 
How is the pitch of the note emitted by the string 
affected in each case ? (Calcutta University). # 

[Ans. In both cases the first higher octave 

is heard]* 

57. A certain length of an inextensible string® 
vibrates as a whole when stretched by a weight of' 
100 lbs. With what weight must double that length 
be stretched in order that it may vibrate at the same, 
rate? (PreL Sc. 1891). 

[Ans: 400 lbs* weight]. 

58. Three strings, A, B'and C, of the same- 
length are stretched on a sonometer. Their relative 
weights are A : B ; C : : 2 : 8: 18, and the tensions in 
them are A : B : C : : 12 : 12 : 27. Calculate the- 
ratios of their rates 0? vibration. 

[ Prel. Sc. 1889 ]. 

[ Ans. 2:1:1]. 

59. A violin string x ft. 6 ink. long, when bcjwed 
transversely emits a note of pitch 256. If it weighs 
an ounce to the yard, determine tjje force which 
stretches it. (Army 1905). 

] Ans? 384 lbs.]. 

60. Compare the frequencies of vibration of two 
strings stretched with w .ights of 10 kilograms and 
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i kilogram respectively. They are each i metre 
long, and they are of the same diameter, but their 
denotes are 7*S to i respectively, 

(Lond. Inter, Sc, 1902). 

I Ans. 1*13" 1 ]' 

, 61 1 Two similar wires of the same length are 

stretched— the one by a weight of 2 kilograms. and 
the other by a weight of 4*5 kilograms. Find out the 
interval between the notes produced by them. 

[ Ans. (Fifth) c : g or 2 : 3 1 

62. A r/ire is stretched by a weight of 13 lbs. 
and sounds a certain note. What must be the stretch- 
ing weight to produce the major third ? 

{Patna University) 

[Ans. Let T be the required weight. The major 
third is £ the number of viSrations of the funda- ' 
mental note. The number of vibiations is directly as 
the square root of the stretching weight. We shall 
get X - 20*313 lb$, I v r 

*63. A string stretchech with a weight of 25 lbs M 
when made to vibrate transversely, gives a certain 
note. What tension must be applied to a string of 
the same materia}, but of twice the length and thick' 
ness, to make it give the octave above the note ? 
{ILL.) 
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64. Calculate the frequency of vibration of a 

closed pipe 11 ft. long. (Velocity of sound in air 
= i ico ft. per sec.) * # 

(Lend. Inter. Sc. 1906) [Ans. 25], 

65. What will be the length of a closed pipe if 

the lowest note has a frequency of 288 at 30^0? ** 

{Ans. 30*35 cm. | 

66. The frequency of the note given by an organ 
pipe is 312 at 1 5°C. At what temperature will the 
frequency be 32Q, supposing the pipe to remain 
constant in length ? (Inter. Board. 1930). 

[Ans. 29;9°C|. 

67. A sounding organ-pipe is warmed by means 
of boiling oil from 16 0 to 127° centigrade. What is 

, the effect on the note which it emits ? 

("Inter. Sc. 1891). 

[Ans. The frequency will be increased in the 
ratio of 20 : 17.I n 

68. Calculate the change of pitch of an open 
organ pipe 3 feet long when the temperature changes 
from io°C to i$ Q C% (L. U) . 

[Ans. 1*009]. 

69. The velocity of sound in hydrogen is 
1926*5 metres per second. What will be the length 
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I of a closed organ pipe filled with hydrogen which gives 

a note having a vibration frequency of 512 per 
second? (C, U. 1915) 

[Ans. 63*3 cmsj. 

70. What must be the ratio of the lengths of a mmA 

dosed and an open pipe in order that the third over- 
tone of the open pipe shall be in unison with the 
second overtone of the closed pipe ? (U. L.) 

[Ans. 5 : 8]. 

71. An organ pipe having been tuned in the 
morning to giVe a note of frequency 256 at iS°C. is 
found in the evening when blown strongly to give a 
note of 516. Find the temperature in the second 
case, and state the type of the organ pipe. (L. U.) 

[Ans. X9*4^C; open pipe}* 

72. An prgan pipe gives out a note whose 
frequency is 320 at 30°C. Supposing the pipe to 
remain unchanged in length find out the temperature 
when the frequency is 312. r 

[Ans. IS°C.] 

A whistle gives a certain note when sounded, 
being x8°C. Ter what must the 

be raised for it to give a note of §-th. fre* 
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74. The first two air columns which give 
resonance with a fork are 32 cm. .and 99'9 cm. 
respectively. Calculate the end correction. 

I A ns, i'9S cm.] 

75. A tuning fork produces resonance in a glass 
tube where the length of the air column is 34 cm. 
When the air c damn is 105-6 cm. it also gives 
•resonance with the same fork. Find out the end 
correction and the internal radius of the tube, 

[Atis* End correction = i'8 cm; 

radi.us = 3 cm.] 

76 The length of a column of air in* a tube 
closed at one end which gives the greatest resonance 
* 1 6 a tuning fork is observed to be 32^ cm. Find the 
wave-length of the note.emitted by the fork. 

(Inter. Board. 1919)- [Ans. A. =* 130 cm.] 
77. Calculate approximately the length of the 
resonance box closed, at one end on which a tuning 
fork is to be mounted, the pitch of which Is 256, the 
velocity of sound in air being 1120 ft. per sec. Would 
the same resonance Jaox answer for a fork of another 
pitch ? If SO, of what pitch [Inter. Board. 1926]. 

[Ans. Required' length = “f ft - Frequency of 

forks are 768 ; 1280 ; 1792 and so on.l 
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78. A resonance tube, 2 cm. in diameter and con- 
taining water, gives the loudest note with a fork of 
frequency 512 when the air column ip the tube above 
the water is 15*5 cm. long. Find (a) the wave 
length of this note, (b) the velocity of sound in air. 
(Sen. Camb. Loc.) 

[Ans 64’ 4 cm. 329*8 metres per sec.] 

79. Find the lengths of the tubes at which the 
air column in a resonance tube at a temperature 20 °C 
will resound to a note of frequency 256. The velocity 
of sound o°C .is 330 metres per second, and the 
effect of the width of. the tube is neglected, 

• {inter. Board. 1929]. 

[Ans. (1) 33-4 cm. (2) 3 x 33’4 = ioo‘2 cm. 

(3) S x 33*4 (4) 7 x 33-4 and so on]. . 

80. The sound of an excited fork swells out loudly, 
when held, over a gas jar 6'4 inches long and of r in, 
radius. Find the wave-length in air of the note 
emitted. Calculate also the vibration frequency of the 
fork. Temp, is 2<d°C, (AllahaUad University 1919). 

[Ans. 27-8" ; 486]. 

Si. The ^points of prongs of a tuning fork A 
originally in unision with a fork B of frequency 
5x2 are filed, .and the forks produce 5 beats per 
second when sounded together. .What is the pitch of 
A after filing ? (Inter. Board. 1916). 

[Ans. 517I. 
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82. Beats are heard three * times per second 
when two open organ pipes one 2 feet 9 inches in 
length and the other half an inch longer are souitied 
together. Find the velocity of sound in the air at the 
time of the observation. (L. U.) 

[Ans. 1105*5 ft. per sec.] * 

83. Two tuning-forks when sounded together 

give 3 beats per sec. One is in unison with a length 
of 5g cm. of a monochord string under constant 
tension, and the other with 59 cm. of the same string*. 
What are the frequencies of the forks ? • 

(Cal, University 1927}. [Ans, tf 4 ; 

$1 7 * t?lf 

84. An air column and a tuning fork produce 
9 beats when sounded t 'gether. The fork gives the 

t lower note. They produce iS beats when the 
temperature becomes 88°C. If the temperature in 
the previous case is i6°C, find out the frequency of 
the fork, 

• • [Ans. 67*5]. 

85. A column of air and a tuning fork produce 
4 beats per second when s.ounding together, the fork 
giving the lower nofce and the temperature of the air 
being I5°C. When the temperature has fallen to 
io°C. the two produpe 3 beats per second. Find the- 
the frequency of the fork. (L. U.) 

[Ans/iiolfW 


f 
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86, Two organ pipes give 12 beats when sounded 
together in air at 2 y°C. How many will they give 
at 77°C ? 

[Ans. 12*96]. 

87* If two organ pipes give four beats per sec. 
*\vhen sounded together in air at is°C, how many will 
they give in air at o° ? (U L.) 

[Ans. 3*89 per sec ] 

88, An open organ pipe produces 8 beats per 
second when sounded with a tuning iork of 256 vibra- 
tions per Second, the fork giving the lower note* 
How much must the length of the pipe be altered to 
bring it into accord with the fork ? Velocity of sound 
is equal to 1100 ft. per sec, (S. K. 1894), 

j^Ans, ~ inch, (increase) J 

89. Two open pipes without flange, having 
both a length of 4 m. and diametres 12 cm. and 
24 cm. respectively, are cfoserved to give a 
nurhbej of beats, when sounded together. Determine 
which pipe to be shortened and by how much 
if the are to be brought into unison. Velocity of 
sound = 340 m, par sec, and correction =0*5 r 9 when 
r is the radius of cross-section of the pipe. 
(Madras University), 

IAns. Wide pipe to be shortened by 6 cm,] 
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DOPPLER’S EFFECT ■ 

90. Two strings vibrating transversely emit 

fundamental notes of frequencies 300 and 302 per 
‘Second respectively. How many beats per second afe 
produced (1) by the fundamental notes, and (2) by 
•their first overtones ? (L. U.) 

[ Ans. (1) 2 ; (3) 4-1 

91. An air column at 2 ?°C produces 10 beats 

with a tuning fork of frequency 480, the frequency of 
fork being greater than that of the air column. If the 
number of beats becomes trible find out the temper- 
atures of the air column. • • 

[Ans.' So^C; 2°C.] 

• 

92. Two tuning forks make 4 beats per second 

.when sounded simultaneously. One fork makes 256 
vibrations per second and the beats cease when the 
other fork is loaded with a small piece of wax. What 
is the frequency of the second fork ? (L. U.) 

[ Ans. 260 ]. 

93. If the frequency of the whistle is 256 
vibrations per second and the velocity of the engine 

is — of that of sound, what will be the frequencies 

of the notes heard by the man before and after the 
engine passes him ? (:Camb, Loc. Sen. 1906) , 

• l Ans. 269-5 i 243 * 8 1 . 
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94. A locc'-motive whistle emitting 2000 waves per 
sec. is moving towards you at the rate of 60 miles an 
hqur, on a day when the thermometer stands at i$°C» 
Calculate the apparent pitch of the whistle, and 
explain precisely why it is not the true pitch. 

[S. K. 1891] 

(Velocity of sound in air at o°C = 1 179 ft ). 

f Ans. Apparent frequency = 2157 J. 

95. Two tuning-forks whose frequencies are 
approximately in the ratio 2 : 1 are producing Lissa- 

's, figures and it is observed that the same figure is 
after 10 secs. On loading slightly the 
fork of upper pitch the figure goes through a cycle 
of change in 8 secs. If the fork of lower pitchy 
has a frequency of 400, what is the frequency of the 
other fork before and after loading. 


[Ans 799-9 ; 799— -J 


96. Two tuning forks are^ employed to produce 
Llssajou’s figures and it is observed that the figure 
8 — shaped occurs at intervals of 4 sees. If tlie fre- 
quency of one of the * forks is 300 per second,. 

the other. 

I ; 600-5 ; 599 5] 


